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LETTER  V. 

FROM 

Benjamin  Franklin,  Efq ;  of  Philadelphia. 

T  O 


Pi  ter  Collinson,  Efq\  F.  R,  S»  at  London. 


S  I  R, 


"July  2 7,  1750. 


R  W-tf-n,  I  believe,  wrote- his  observations  on 
my  laft  paper  in  hafte,  without  having  firft  well 
conlidered  the  experiments  related  §.  17. 
which  ftill  appear  to  me  decifive  in  the  queftion,— Whether 

1  ■  '  *  J  ^  *  * 


the  accumulation  of  the  electrical  fire  be  in  the  electrified 
glafis,  or  in  the  non-eleclric  matter  connected  with  the  glafis  ? 
And  to  demonftrate  that  ’tis  really  in  the  glafs. 

As  to  the  experiment  that  ingenious  gentleman  men¬ 
tions,  and  which  he  thinks  conclufive  on  the  other  fide. 

.  i  <  - «  .  9 

I  perfuade  myfelf  he  will  change  his  opinion  of  it,  when 
he  confiders,  that  as  one  perfon  applying  the  wire  of  the 
charged  bottle  to  warm  fpirits,  in  a  fpoon  held  by  another 
perfon,  both  ftanding  on  the  floor,  will  fire  the  fpirits,  and 
yet  fuch  firing  will  not  determine  whether  the  accumula¬ 


tion 
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tion  was  in  the  glafs  or  the  non-eleCtric  ;  fo  the  placing 
another  perfon  between  them,  (landing  on  wax,  with  "a 
bafon  in  his  hand,  into  which  the  water  from  the  phial  is 
pour'd,  while  he  at  the  in/lant  of  pouring  prefents  a  finger 
of  his  other  hand  to  the  fpirits,  does  not  at  all  alter  the 
cafe  j  the  ftream  from  the  phial,  the  fide  of  the  bafon, 
with  the  arms  and  body  of  the  perfon  on  the  wax,  being 
all  together  but  as  one  long  wire,  reaching  from  the  in¬ 
ternal  furface  of  the  phial  to  the  fpirits. 

June  29,  1751.  In  Capt.  IVaddel' s  account  of  the  ef¬ 
fects  of  lightening  on  his  fhip,  I  could  not  but  take  notice 
of  the  large  comazants  (as  he  calls  them)  that  fettled  on 
the  fpintles  at  the  topmaft  heads,  and  burnt  like  very 
large  torches  (before  the  ftroke).  According  to  my  o- 
pinion,  the  electrical  fire  was  then  drawing  off,  as  by 
points,  from  the  cloud  $  the  largenefs  of  the  flame  be¬ 
tokening  the  great  quantity  of  electricity  in  the  cloud  : 
and  had  there  been  a  good  wire  communication  from  the 
fpintle  heads  to  the  fea,  that  could  have  conduced  more 
freely  than  tarred  ropes,  or  marts  of  turpentine  wood,  I 
imagine  there  would  either  have  been  no  ftrokc  ;  or,  if  a 
ftroke,  the  wire  would  have  conducted  it  all  into  the  fea 
without  damage  to  the  fhip. 

His  compafles  loft  the  virtue  of  the  load-ftone,  or  the 
poles  were  revers’d  5  the  North  point  turning  to  the  South. 
— By  electricity  we  have  ( here  at  Philadelphia)  frequent¬ 
ly  given  polarity  to  needles,  and  reverfed  them  at  pleafure. 

Mr 
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Mr  Wilfon ,  at  London ,  tried  it  on  two  large  maffes,  and 

with  too  fmall  force. 

A  fihock  from  four  large  glafs  jars,  fent  through  a  fine 
fewing  needle,  gives  it  polarity,  and  it  will  traverfe  when 
laid  on  water. — If  the  needle  when  ftruck  lies  Eaft  and 
Weft,  the  end  entered  by  the  electric  blaft  points  North. 
— If  it  lies  North  and  South,  the  end  that  lay  towards 
the  North  will  continue  to  point  North  when  placed  on 
water,  whether  the  fire  entered  at  that  end,  or  at  the  con- 
trary  end. 

The  polarity  given  is  ftrongeft  when  the  needle  is  ftruck, 
lying  North  and  South,  weakeft  when  lying  Eaft  and  Weft  > 
perhaps  if  the  force  was  ftill  greater,  the  South  end,  en¬ 
ter’d  by  the  fire,  (when  the  needle  lies  North  and  South) 
might  become  the  North,  otherwife  it  puzzles  us  to  ac¬ 
count  for  the  inverting  of  compaffes  by  lightening  ;  fince 
their  needles  muft  always  be  found  in  that  fituation,  and 
'  by  our  little  experiments,  whether  the  blaft  entered  the 
North  and  went  out  at  the  South  end  of  the  needle,  or 
the  contrary,  ftill  the  end  that  lay  to  the  North  ftiould 
continue  to  point  North. 

In  thefe  experiments  the  ends  of  the  needles  are  fome- 
times  finely  blued  like  a  watch  fpring  by  the  ele<ftric  flame. 
— This  colour  given  by  the  flafh  from  two  jars  only, 
will  wipe  off,  but  four  jars  fix  it,  and  frequently  melt 
the  needles.  I  fend  you  fome  that  have  had  their  heads 
and  points  melted  off,  by  our  mimic  lightning  ;  and  a  pin 
that  had  its  point  melted  off^  and  fome  part  of  its  head 

and 
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and  neck  run.  Sometimes  the  furface  on  the  body  of  the 
needle  is  alfo  run,  and  appears  blifter’d  when  examin’d  by 
a  magnifying  glafs :  the  jars  I  make  ufe  of  hold  7  or  8 
gallons,  and  are  coated  and  lined  with  tin-foil  ;  each  of 
them  takes  a  thoufand  turns  of  a  globe  nine  inches  diame¬ 
ter  to  charge  it. 

I  fend  you  two  fpecimens  of  tin-foil  melted  between 
glafs,  by  the  force  of  two  jars  only. 

I  have  not  heard  that  any  of  your  'European  eledtricians 
have  hitherto  been  able  to  fire  gunpowder  by  the  eledtric 

flame,— We  do  it  here,  in  this  manner. — A  fmall  car- 

> 

tridge  is  filled  with  dry  powder,  hard  rammed,  fo  as  to 
bruife  fome  of  the  grains,  two  pointed  wires  are  then 
thruft  in,  one  at  each  end,  the  points  approaching  each 
other  in  the  middle  of  the  cartridge  till  within  the  diftance 
of  half  an  inch,  then  the  cartridge  being  placed  r  in  the 
circle,  when  the  four  jars  are  difcharged,  the  eledtric 
flame  leaping  from  the  point  of  one  wire  to  the  point  of 
the  other,  within  the  cartridge  amongft  the  powder,  fires 
it>  and  the  explofion  of  the  powder  "is  at  the  fame  inftant 
with  the  crack  of  the  difcharge. 

Tours ,  &c. 

:  :  B.  FRANKLIN. 


LET- 


L  E  T  T 


VI. 


FROM 


■  .1  „  * 

Benjamin  Franklin,  Efq\  of  Philadelphia. 


-  j  it 


Jl  <4  v 


T  O 


C,  C.  Efq;  at  New  York. 


co 


SIR,  1751 

k  ,  (  «r  r  4  *  » t  4  ^  ^  >  *  *  **  "*  f  *V  1  *  j  j  T  <  '  ”}^  1  ^ 

Xnclofe  you  Anfwers,  fuch  as  my  prefent  hurry  of  bu- 
finefs  will  permit  me  to  make,  to  the  principal  que¬ 
ries  contained  in  yours  of  the  28th  inftant,  and  beg 
leave  to  refer  you  to  the  latter  piece  in  the  printed  col¬ 
lection  of  my  papers,  for  farther  explanation  of  the  dif- 
ference  between  what  are  called  eleffirics  per  fe  and  ?ion 
eleSrics. When  you  have  had  time  to  read  and  confider 
thefe  papers,  I  will  endeavour  to  make  any  new  experi¬ 
ments  you  {hall  propofe,  that  you  think  may  afford  far¬ 
ther  light  or  fatisfadion  to  either  of  us  ;  and  {hall  be 
much  obliged  to  you  for  fuch  remarks,  objedions,  &c.  as 
may  occur  to  you. — I  forget  whether  I  wrote  you  that  I 
have  melted  brafs  pins,  and  heel  needles,  inverted  the  poles 
of  the  magnetic  needle,  given  a  magnetifm  and  polarity  to 

needles 
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needles  that  had  none,  and  fired  dry  gunpowder  by  the 
eledtric  fpark.  I  have  five  bottles  that  contain  8  or  9  gal* 
Ions  each,  two  of  which  charg’d,  are  fufficient  for  thofe 
purpofes ;  but  I  can  charge  and  difcharge  them  all  toge¬ 
ther.  There  are  no  bounds  (but  what  expence  and  labour 
give)  to  the  force  man  may  raife  and  ufe  in  the  ele&rical 
way  :  For  bottle  may  be  added  to  bottle  in  infinitum,  and 
all  united  and  difcharged  together  as  one,  the  force  and 
effedt  proportioned  to  their  number  and  fize.  The  greatefl: 
known  effedts  of  common  lightening,  may,  I  think,  with¬ 
out  much  difficulty  be  exceeded  in  this  way,  which  a  few 
years  fince  could  not  have  been  believed,  and  even  now 
may  feem  to  many  a  little  extravagant  to  fuppofe.— So  we 
are  got  beyond  the  ikill  of  Rabelais' s  ^devils  of  two  years 
old,  who,  he  humouroufly  fays,  had  only  learnt  to  thun¬ 
der  and  lighten  a  little  round  the  head  of  a  cabbage. 

/  am,  with  fmcere  rcfpeSl, 

Totr  mojl  obliged  humble  fervant. 

?.  FRANKLIN. 

i\  .  !  i  ,  " 


Que- 
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Queries  and  Anfwers,  ref  err d  to  in  the  fore ~ 

going  Letter . 

Queryy  Wherein  confifts  the  difference  between  an  e- 
leftric  and  a  non-eleffric  body  ? 

Anfwer.  The  terms  eledric  per  fe,  and  non -eledric 
were  firft  ufed  to  diflinguifh  bodies,  on  a  miftaken  fup- 
pofition  that  thofe  called  eledrics per  fe  alone  contained 
eledric  matter  in  their  fubftance,  which  was  capable  of 
being  excited  by  fridion,  and  of  being  produced  or  drawn 
from  them  and  communicated  to  thofe  called  non- 
eledrics,  fuppofed  to  be  deftitute  of  it :  For  the  glafs,  &c. 
being  rubbed,  difcover’d  iigns  of  having  it,  by  fnapping 
to  the  finger,  attrading,  aepelling,  &c.  and  could  com¬ 
municate  thofe  figns  to  metals  and  water. — Afterwards 
it  was  found,  that  rubbing  of  glafs  would  not  produce  the 
eledric  matter,  unlefs  a  communication  was  preferved  be¬ 
tween  the  rubber  and  the  floor  5  and  fubfequent  experi¬ 
ments  prov’d  that  the  eledric  matter  was  really  drawn 
from  thofe  bodies  that  at  firft  were  thought  to  have  none 
in  them.  Then  it  was  doubted  whether  glafs  and  other 
bodies  called  electrics  per  fe  had  really  any  eledric  matter 
in  them,  fince  they  apparently  afforded  none  but  what 
they  firft  extraded  from  thofe  which  had  been  called  non- 
eledrics.  But  fome  of  my  experiments  fhew  that  glafs 
contains  it  in  great  quantity,  and  I  now  fufped  it  to  be 
pretty  equally  diftufed  in  all  the  matter  of  this  terraqueous 

O  globe 
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globe.  If  fo,  the  terms  cleCtric  per  fe,  and  non  eleClric , 
ihould  be  laid  afide  as  improper  :  And  (the  only  difference 
being  this,  that  fomc  bodies  will  conduit  eleCtric  matter, 
and  others  will  not)  the  terms  conductors  and  non-conduCtors 
may  fupply  their  place.  If  any  portion  of  eleCtric  matter 
is  applied  to  a  piece  of  conducting  matter,  it  penetrates 
and  flows  through  it,  or  fpreads  equally  on  its  furface  -y  if 
applied  to  a  piece  of  non-conduCting  matter,  it  will  do 
neither.  PerfeCt  conductors  of  eleCtric  matter  are  only 
metals  and  water.  Other  bodies  conducting  only  as  they 
contain  a  mixture  of  thofe  ;  without  more  or  lefs  of 
which  they  will  not  conduit  at  all.*  This  (by  the  way) 
fhews  a  new  relation  between  metals  and  water  heretofore 
unknown. 

To  illuftrate  this  by  a  comparifon,  which,  however,  can 
only  give  a  faint  refemblance.  Eleitric  matter  paffes 
through  conductors  as  water  paffes  through  a  porous  ftone, 
or  fpreads  on  their  furfaces  as  water  fpreads  on  a  wet 
ftone  5  but  when  apply’d  to  non-conduitors,  ’tis  like  wa¬ 
ter  dropt  on  a  greafy  ftone  ;  it  neither  penetrates,  paffes 
through,  nor  fpreads  on  the  furface,  but  remains  in  drops 
where  it  falls.  See  farther  on  this  head  in  my  laft  print¬ 
ed  piece. 

Query.  What  are  the  effeits  of  air  in  eleitrical  experi¬ 
ments. 

Anfwer.  All  I  have  hitherto  obferved  are  thefe.  Moift 

air 

*  This  proportion  is  fince  found  to  be  too  general  ;  Mr  Wilfan  having 
difeovered  that  melted  wax  and  rofin  will  alfo  conduct. 
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air  receives  and  conducts  the  electrical  matter  In  propor¬ 
tion  to  its  moifture,  quite  dry  air  not  all  :  air  is  there¬ 
fore  to  be  clafs’d  with  the  non -conductors.  Dry  airaf- 
fifts  in  confining  the  eleCtrical  atmofphere  to  the  body  it 
furrounds,  and  prevents  its  diffipating  :  for  in  vacuo  it 
quits  eafily,  and  points  operate  ftronger,  /.  e.  they  throw 
off  or  attraCt  the  eleCtrical  matter  more  freely,  and  at 
greater  diftances ;  fo  that  air  intervening  obftruCts  its  paf- 
fing  frorn  body  to  body,  in  fome  degree.  A  clean  eleCtri¬ 
cal  phial  and  wire,  containing  air  inftead  of  water,  will 
not  be  charged  nor  give  a  (hock,  any  more  than  if  it  was 
fill’d  with  powder  of  glafs  ;  but  exhaufted  of  air  it  operates 
as  well  as  if  fill’d  with  water.  Yet,  an  eleCtrical  atmofphere 
and  air  do  not  feem  to  exclude  each  other,  for  we  breath 
freely  in  fuchan  atmofphere,  and  dry  air  will  blow  through 
it  without  difplacing  or  driving  it  away.  I  queftion  whe¬ 
ther  the  ftrongeft  dry  N.  Wefter  would  difiipate  it.  I 
once  electrified  a  large  cork  ball,  at  the  end  of  a  filk 
thread  3  feet  long,  the  other  end  of  which  I  held  in  my 
fingers,  and  whirl’d  it  round,  like  a  fling,  100  times  in  the 
air,  with  the  fwifteft  motion  I  could  poflibly  give  it,  yet 
it  retained  its  eleCtrical  atmofphere,  though  it  muft  have 
pafs’d  through  800  yards  of  air,  allowing  my  arm  in 
giving  the  motion  to  add  a  foot  to  the  fern i-diame ter  of 
the  circle. — By  quite  dry  air,  I  mean  the  dryeft  we  have  : 
for  perhaps  we  never  have  any  perfectly  free  from  moifture. 
An  eleCtrical  atmofphere  raifed  round  a  thick  wire,  in- 
ferted  in  a  phial  of  air,  drives  out  none  of  the  air,  nor 

O  2  on 
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on  withdrawing  that  atmofphere  will  any  air  rufh  in,  as  I 
have  found  by  a  very  curious  experiment,  accurately  made, 
whence  we  concluded  that  the  air’s  elafticity  was  not  af- 
feded  thereby. 

4  \  »  *■  * 

An  Experiment  towards  difcovering  more  of  the  Qualities 

of  the  EleBric  Fluid . 

From  the  prime  conductor,  hang  a  bullet  by  a  wire 
hook ;  under  the  bullet  at  half  an  inch  diflance,  place  a 
bright  piece  of  filver  to  receive  the  fparks ;  then  let  the 
wheel  be  turned,  and  in  a  few  minutes  (if  the  repeated  J 
fparks  continually  flrike  in  the  fame  fpot)  the  filver  will 
receive  a  blue  flain  near  the  colour  of  a  watch  firing. 

A  bright  piece  of  iron  will  alfo  be  fpotted,  but  not  with 
that  colour  3  it  rather  feems  corroded. 

On  gold,  brafs,  or  tin,  I  have  not  perceived  that  it 
makes  any  impreffion.  But  the  fpots  on  the  filver  or  iron 
will  be  the  fame,  whether  the  bullet  be  lead,  brafs,  gold,  or 
filver. 

On  a  filver  bullet,  there  will  alfo  appear  a  final!  fpot, 
as  well  as  on  the  plate  below  it. 


LET- 
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LETTER  VII. 

FROM 

Mr  E.  Kinnersley,  at  Bofton> 

TO 

Benjamin  Franklin,  Efq;  at  Philadelphia . 


SIR  Feb.  3,  1752. 

Have  the  following  experiments  to  communicate:  I 
held  in  one  hand  a  wire,  which  was  fatten’d  at  the 
other  end  to  the  handle  of  a  pump,  in  order  to  try 

whether  the  ftroke  from  the  prime  condudtor,  through 
my  arms,  would  be  any  greater,  than  when  convey’d  only 
to  the  furface  of  the  earth,  but  could  difcover  no  dif¬ 
ference. 

I  placed  the  needle  of  a  compafs  on  the  point  of  a  long 
pin,  and  holding  it  in  the  atmofphere  of  the  prime  con¬ 
dudtor,  at  the  diftance  of  about  three  inches,  found  it  to 
whirl  round,  like  the  flyers  of  a  jack,  with  great  rapidity. 

I  fufpended  with  filk,  a  cork  ball,  about  the  bignefs  of 
a  pea,  and  prefented  to  it,  rubbed  amber,  fealing  wax, 
and  fulphur,  by  each  of  which  it  was  rtrongly  repelled  -y 

then 


•IOO  LETTERS  on  ELECTRICITY. 

then  I  tried  rubbed  glafs  and  china,  and  found  that  each 
of  thefe  would  attrad  it,  until  it  became  cledrified  again, 
and  then  it  would  be  repelled  as  at  firft  ;  and  while  thus 
repelled  by  the  rubbed  glafs  or  china,  either  of  the  others 
when  rubbed  would  attrad  it.  Then  Ieledrified  the  ball, 
with  the  wire  of  a  charged  phial,  and  prefented  to  it 
rubbed  glafs  (the  Hopper  of  a  decanter)  and  a  china  tea 
cup,  by  which  it  was  as  ftrongly  repelled,  as  by  the  wire  ; 
but  when  I  prefented  either  of  the  other  rubbed  eledrics 
it  would  be  ftrongly  attraded,  and  when  I  eledrified  it, 
by  either  of  thefe,  till  it  became  repelled,  it  would  be  at¬ 
traded  by  the  wire  of  the  phial,  but  be  repelled  by  its 
coating. 

Thefe  experiments  furprized  me  very  much,  and  have 
induced  me  to  infer  the  following  parodoxes. 

1 .  If  a  glafs  globe  be  placed  at  one  end  of  a  prime 
condudor,  and  a  fulphur  one  at  the  other  end,  both  be¬ 
ing  equally  in  good  order,  and  in  equal  motion,  not  a 
fpark  of  fire  can  be  obtain’d  from  the  condudor  j  but  one 
globe  will  draw  out,  as  faft  as  the  other  gives  in. 

2.  If  a  phial  be  fufpended  on  the  condudor,  with  a 
chain  from  its  coating  to  the  table,  and  only  one  of  the 
globes  be  made  ufe  of  at  a  time,  20  turns  of  the  wheel, 
for  in  fiance,  will  charge  it ;  after  which,  fo  many  turns 

of  the  other  wheel  will  difcharge  it ;  and  as  many  more 
will  charge  it  again. 

3.  The  globes  being  both  in  motion,  each  having  a  fe- 
parate  condudor,  with  a  phial  fufpended  on  one  of  them, 

and 
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and  the  chain  of  it  fattened  to  the  other,  the  phial  will 
become  charged  j  one  globe  charging  politively,  the  other 
negatively. 

4.  The  phial  being  thus  charged,  hang  it  in  like  man¬ 
ner  on  the  other  conductor  }  fet  both  wheels  a  going  again, 
and  the  fame  number  of  turns  that  charged  it  before,  will 
now  difcharge  it  }  and  the  fame  number  repeated,  will 
charge  it  again. 

5.  When  each  globe  communicates  with  the  fame  prime 
condu&or,  having  a  chain  hanging  from  it  to  the  table, 
one  of  them,  when  in  motion,  (but  which  I  can’t  fay) 
will  draw  fire  up  through  the  cufhion,  and  difcharge  it 
through  the  chain  ;  the  other  will  draw  it  up  through  the 
chain,  and  difcharge  it  through  the  cufhion. 

I  fhould  be  glad  if  you  would  fend  to  my  houfe  for 
my  fulphur  globe,  and  the  cufhion  belonging  to  it,  and 
make  the  trial  j  but  muft  caution  you  not  to  ufe  chalk  on 
the  cufhion,  fome  fine  powdered  fulphur  will  do  better. 
If,  as  I  expert,  you  fhould  find  the  globes  to  charge  the 
prime  condu&or  differently,  I  hope  you  will  be  able  to  dis¬ 
cover  fome  method  of  determining  which  it  is  that  charges 
politively. 

I  am,  & c, 

E.  KINNERSLEY. 
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LETTER  VIII. 

FROM 

Binjamin  Franklin,  Efq\  of  Philadelphia , 

TO 

Mr  E.  Kinnersley,  at  BoJlonm 

SIR ,  March  2,  1752. 

I  Thank  you  for  the  experiments  communicated.  I 
fent  immediately  for  your  brimftone  globe,  in  order 
to  make  the  trials  you  defired,  but  found  it  wanted 
centers,  which  I  have  not  time  now  to  fupply  j  but  the 
firft  leifure  I  will  get  it  fitted  for  ufe,  try  the  experiments, 
and  acquaint  you  with  the  refult. 

In  the  mean  time  I  fufpeCt,  that  the  different  attractions 
and  repulfions  you  obferved,  proceeded  rather  from  the 
greater  or  fmaller  quantities  of  the  fire  you  obtained  from 

different  bodies,  than  from  its  being  of  a  different  kind,  or 
having  a  different  direction.  In  hafte, 

I  am,  &,c. 

B.  FRANKLIN. 
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LETTER  IX. 

FROM 

Benjamin  Franklin,  Efq\  of  Philadelphia. 

% 

T  O 

To  Mr  E.  Kinnersley,  at  Bojlon. 

SIR ,  March  16,  1752. 

HAving  brought  your  brimftone  globe  to  work,  I 
try’d  one  of  the  experiments  you  propofed,  and 
was  agreeably  furprized  to  find,  that  the  glafs 
globe  being  at  one  end  of  the  conductor,  and  the  fulphur 
globe  at  the  other  end,  both  globes  in  motion,  no  fpark 
could  be  obtained  from  the  condu&or,  unlefs  when  one 
globe  turned  flower,  or  was  not  in  fo  good  order  as  the  o- 
ther ;  and  then  the  fpark  was  only  in  proportion  to  the 
difference,  fo  that  turning  equally,  or  turning  that  flowed 
which  work’d  bell,  would  again  bring  the  condu&or  to  af¬ 
ford  no  fpark. 

I  found  alio,  that  the  wire  of  a  phial  charg’d  by  the 
glafs  globe,  attracted  a  cork  ball  that  had  touch’d  the  wire 
of  a  phial  charged  by  the  brimftone  globe,  and  vice  verfa, 

P  fa 
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fo  that  the  cork  continued  to  play  between  the  two  phials, 
juft  as  when  one  phial  was  charged  through  the  wire,  the 
other  through  the  coating,  by  the  glafs  globe  alone.  And 
two  phials  charged,  the  one  by  the  brimftone  globe,  the 
other  by  the  glafs  globe,  would  be  both  difcharged  by 
bringing  their  wires  together,  and  fhock  the  perfon  hold¬ 
ing  the  phials. 

From  thefe  experiments,  one  may  be  certain  that  your 
2d,  3d,  and  4th  propofed  experiments,  would  fucceed  ex- 
a<ftly  as  you  fuppofe,  though  I  have  not  tried  them,  want¬ 
ing  time. — I  imagine  it  is  the  glafs  globe  that  charges 
pofitively,  and  the  fulphur  negatively,  for  thefe  reafons, 
1.  Though  the  fulphur  globe  feems  to  work  equally  well 
with  the  glafs  one,  yet  it  can  never  occafion  fo  large  and 
diftant  a  fpark  between  my  knuckle  and  the  condu&or 
when  the  fulphur  one  is  working,  as  when  the  glafs  one 
is  ufed  ;  which,  I  fuppofe,  is  occafioned  by  this,  that  bo¬ 
dies  of  a  certain  bignefs  cannot  fo  eafily  part  with  a 
quantity  of  eledrical  fluid  they  have  and  hold  attracted 
within  their  fubftance,  as  they  can  receive  an  additional 
quantity  upon  their  furface  by  way  of  atmofphere.  There¬ 
fore  fo  much  cannot  be  drawn  out  of  the  condu&or,  as 
can  be  thrown  on  it.  2.  I  obferve  that  the  ftream  or 
brufh  of  flip  appearing  at  the  end  of  a  wire  conne&ed 
with  the  condudor,  is  long,  large,  and  much  diverging, 
when  the  glafs  globe  is  ufed,  and  makes  a  fnapping  (or 
rattling)  noife  ;  but  when  the  fulphur  one  is  ufed,  it  h 
fhort,  fmall,  and  makes  a  hiding  noife  *  and  juft  the  re- 

verfe 
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verfe  of  both  happens,  when  you  hold  the  fame  wire  in 
your  hand,  and  the  globes  are  worked  alternately  :  the 
bruih  is  large,  long,  diverging  and  fnapping  (or  rattling) 
when  the  fulphur  globe  is  turn’d  ;  fhort,  fmall,  and  hiding 
wdien  the  glafs  globe  is  turn’d.— When  the  brufh  is  long, 
large,  and  much  diverging,  the  body  to  which  it  joins, 
feems  to  me  to  be  throwing  the  lire  out  5  and  when  the 
contrary  appears,  it  feems  to  be  drinking  in.  3.  I  ob- 
ferve,  that  when  I  held  my  mickle  before  the  fulphur 
globe,  while  turning,  the  ftream  of  lire  between  my 
knuckle  and  the  globe,  feems  to  fpread  on  its  furface,  as 
if  it  flowed  from  the  linger  ;  on  the  glafs  globe  ’tis  other- 
wife.  4.  The  cool  wind  (or  what  was  called  fo)  that 
we  ufed  to  feel  as  coming  from  an  eledtrified  point,  is 
much  more  fenfible,  when  the  glafs  globe  is  ufed,  than 
when  the  fulphur  one. — But  thefe  are  hafty  thoughts. 
As  to  your  fifth  paradox,  it  mult  likewife  be  true,  if  the  j 

globes  are  alternately  worked  ;  but  if  work’d  together,  the 
fire  will  neither  come  up  nor  go  down  by  the  chain,  be- 
caufe  one  globe  will  drink  it  as  fall  as  the  other  pro¬ 
duces  it. 

I  fhould  be  glad  to  know  whether  the  effe&s  would  be 
contrary,  if  the  glafs  globe  is  folid,  and  the  fulphur  globe  is 
hollow  •>  but  I  have  no  means  at  prefent  of  trying. 

In  your  journeys,  your  glafs  globes  meet  with  accidents, 
and  fulphur  ones  are  heavy  and  inconvenient.  Query. 
Would  not  a  thin  plane  of  brimflone,  caff  on  a  board, 
ferve  on  occafion  as  a  cufhion,  while  a  globe  of  leather 

Ruffed 
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fluffed  (properly  mounted)  might  receive  the  fire  from  the 
fulphur,  and  charge  the  conductor  pofitively  ?  Such  a  globe 
would  be  in  no  danger  in  breaking.  I  think  I  can  conceive 
how  it  may  be  done  ;  but  have  not  time  to  add  more 
than  that  I  am} 

Tours,  &c. 

B.  FRANKLIN. 


LETTER  X. 

FROM 

Benjamin  Franklin,  Efq\  of  Philadelphia. 


OB.  19,  1752.' 

AS  frequent  mention  is  made  in  the  news  papers 
from  Europe y  of  the  fuccefs  of  the  Philadelphia 
experiment  for  drawing  the  eledtric  fire  from 
clouds  by  means  of  pointed  rods  of  iron  eredled  on  high 
buildings,  &c .  it  may  be  agreeable  to  inform  the  curious 
that  the  fame  experiment  has  fucceeded  in  Philadelphia , 
though  made  in  a  different  and  more  eafy  manner,  which 
is  as  follows  : 

Make  a  fmall  crofs  of  two  light  flrips  of  cedar,  the 

arms 
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arms  fo  long  as  to  reach  to  the  four  corners  of  a  large 
lilk  handkerchief  when  extended  ;  tie  the  corners  of 
indkerchief  to  the  extremities  of  the  crofs,  fo  you 
have  tnthfaQdy  of  a  kite  j  which  being  properly  accom¬ 
modated  witna  tail,  loop,  and  firing,  will  rife  in  the  air, 
like  thofe  made  of  papef>- but  this  being  of  filk,  is  fitter 
to  bear  the  wind  and  wet  of  a  thunder  guft  without  tear- 


h^g*  To  the  top  of  the  upright  flick  of  the  crofs  is  to 
be  fixed  a  very  fharp  pointed  wire,  riling  a  foot  or  more 
above  the  wood.  To  the  end  of  the  twine,  next  the 
hand,  is  to  be  ty’d  a  filk  ribbon,  and  where  the  fiik  and 
twine  join,  a  key  may  be  fattened.  This  kite  is  to  be 
raifed  when  a  thunder  gufl  appears  to  be  coming  on,  and 
the  perfon  who  holds  the  firing  mult  Hand  within  a  door, 
or  window,  or  under  fome  cover,  fo  that  the  filk  ribbon 


may  not  be  wet ;  and  care  mall  be  taken  that  the  twine 
does  not  touch  the  frame  of  the  door  or  window.  As 
foon  as  any  of  the  thunder  clouds  come  over  the  kite,  the 
pointed  wire  will  draw  theeledlric  fire  from  them,  and 
the  kite,  with  all  the  twine,  will  be  eledtrified,  and  the 
loofe  filaments  of  the  twine  will  Hand  out  every  way,  and 
be  attracted  by  an  approaching  finger.  And  when  the  rain 
has  wet  the  kite  and  twine,  fo  that  it  can  condudt  the 
eledlric  fire  freely,  you  will  find  it  flream  out  plentifully 
from  the  key  on  the  approach  of  your  knuckle.  At  this 
key  the  phial  may  be  charged  j  and  from  eledlric  fire  thus- 
obtained,  fpirits  may  be  kindled,  and  all  the  other  eledlric 
experiments  be  performed,  which  are  ufually  done  by  the 

help 
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help  of  a  rubbed  glafs  globe  or  tube;  and  thereby  the  fame- 
nefs  of  the  ele&ric  matter  with  that  of  lightening  com¬ 
pletely  demonftrated. 

B.  F. 


LETTER  XL 

FROM 

Benjamin  Franklin,  Pfq ;  of  Philadelphia , 

AS  you  tell  me  our  friend  Cave  is  about  to  add 
fome  later  experiments  to  my  pamphlet, with  the 
Errata ,  I  fend  a  copy  of  a  letter  from  Dr  Coldeny 
which  may  help  to  fill  a  few  pages  $  alfo  my  kite  experi¬ 
ment  in  the  Penfylvama  Gazette  :  to  which  I  have  no¬ 
thing  new  to  add,  except  the  following  experiment  to¬ 
wards  di (covering  more  of  the  qualities  of  the  eledtric 
fluid.  From  the  prime  conductor,  hang  a  bullet  by  a 
wire  hook  ;  under  the  bullet,  at  half  an  inch  diftance, 
place  a  bright  piece  of  filver  to  receive  the  fparks ;  then 
let  the  wheel  be  turned,  and  in  a  few  minutes,  (if  the 
repeated  fparks  continually  ftrike  in  the  fame  fpot)  the 

filver  will  receive  a  blue  ftain  near  the  colour  of  a  watch 

*•  - 

fpring.  A  bright  piece  of  iron  will  all'o  be  fpotted,  but 

not 
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not  with  that  colour :  it  rather  feems  to  be  corroded.  On 
gold,  brafs,  or  tin,  I  have  not  perceived  that  it  makes  any 
impreflion.  But  the  fpots  on  the  lilver  or  iron  will  be 
the  fame,  whether  the  bullet  be  lead,  brafs,  gold,  or  lilver. 
On  a  lilver  bullet  there  will  alfo  appear  a  fmall  Ipot,  as 
well  as  in  the  plate  below  it. 
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Additional  ERRATA  in  Part  I.  to  the  printed 
Electrical  Papers.  By  B.  Franklin. 

►  •  t  -  «  V  A  a  £  a  •  ’w.  .t'M-J 

PAGE  38,  line  2.  read  reprefetited  by  A  and  B, 
Fig.  6. 

Page  40,  line  7.  r.  repulfion • 

Page  65,  1.  19.  r.  Aqua  Regia. 

Page  70,  1.  6.  r.  rubbed. 

Fig.  VI.  in  the  plate,  wants  the  referring  letters  A,  B,  C# 
D.  In  the  copy  that  Fig.  was  mentioned  as  a  profile  of  a 
piece  of  water,  the  little  circles  reprefenting  particles.  The 
two  upper  circles  were  mark’d  A  and  B,  and  two  others 
in  the  under  line  or  row  C  and  D.  As  it  ftands  ’tis  wholly 
unintelligible. 

Page  73, 1.  17.  r.  air . 

Page  74, 1.  7.  r.  electrical. 

Page  81, 1.  3.  place  a  comma  at  condudt,  and  dele  comma 
at  floor. 

Page  85,  1.  5.  r .dif charged.  1.‘  13,  r.  p.  24* 

Page  86, 1.  20.  r.  ajter  one . 
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LETTER  XII. 


FROM 

Benj.  Franklin,  Efq,  of  Philadelphia. 

T  O 

*  / 

Peter  Collinson,  Efq-,  F.  R.  S.  London . 

SIR,  Philadelphia,  September  1753. 

IN  my  former  paper  on  this  fubjedt,  wrote  firft  in  1747, 
enlarged  and  fent  to  England  in  1 749,  I  confidered 
the  fea  as  the  grand  fource  of  lightning ;  imagining  its 
luminous  appearance  to  be  owing  to  eledtric  fire,  produc’d 
by  fri&ion  between  the  particles  of  water  and  thofe  of  fait. 
Living  far  from  the  fea,  I  had  then  no  opportunity  of  mak¬ 
ing  experiments  on  the  fea  water,  and  fo  embrac’d  this 
opinion  too  haftily. 

For  in  1750  and  1751,  being  occafionally  on  the  fea 
coaft,  I  found,  by  experiments,  that  fea  water  in  a  bottle, 
tho’  at  firft  it  would  by  agitation  appear  luminous,  yet  in 
a  few  hours  it  loft  that  virtue  ;  hence,  and  from  this,  that  I 
could  not  by  agitating  a  folution  of  fea  fait  in  water  pro- 

Q_  d-ucc 
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duce  any  light,  I  firft  began  to  doubt  of  my  former  hypo- 
thefis,  and  to  fufpedt  that  the  luminous  appearance  in  fea 
water  muft  be  owing  to  fome  other  principles. 

I  then  confidered  whether  it  were  not  poflible,  that  the 
particles  of  air,  being  electrics  per  fe ,  might,  in  hard  gales 
of  wind,  by  their  fridtion  againft  trees,  hills,  buildings, 
6?r.  as  fo  many  minute  eledtric  globes,  rubbing  againft  non** 
eledtric  cufhions,  draw  the  eledtric  fire  from  the  earth;  and 
that  the  rifing  vapours  might  receive  that  fire  from  the 
air,  and  by  fuch  means  the  clouds  become  eledtrified. 

If  this  were  fo,  I  imagined  that  by  forcing  a  conftant 
violent  ftream  of  air  againft  my  prime  condudtor,  by  bel¬ 
lows,  I  fhould  eledtrify  it  negatively ;  the  rubbing  parti¬ 
cles  of  air,  drawing  from  it  part  of  its  natural  quantity  of 
the  eledtric  fluid.  I  accordingly  made  the  experiment, 
but  it  did  not  fucceed. 

In  September  1752,  I  eredted  an  iron  rod  to  draw  the 
lightning  down  into  my  houfe,  in  order  to  make  fome  ex¬ 
periments  on  it,  with  two  bells  to  give  notice  when  the 
rod  fhould  be  eledlrify’d  :  A  contrivance  obvious  to  every 
eledtrician. 

I  found  the  bells  rang  fometimes  when  there  was  no 
lightning  or  thunder,  but  only  a  dark  cloud  over  the  rod; 
that  fometimes  after  a  flafh  of  lightning  they  would  fud- 
denly  flop ;  and  at  other  times,  when  they  had  not  rang 
before,  they  would,  after  a  flafh,  fuddenly  begin  to  ring  5 
that  the  electricity  was  fometimes  very  faint,  fo  that  when 
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a  fmall  fpark  was  obtain'd,  another  could  not  be  got  fq> r 
fpmetime  after  ;  at  other  times  the  fparks  would  follpw  ex¬ 
tremely  quick,  and  once  I  had  a  continual  llreain  fimp 
bell  to  bell,  the  fize  of  a  crow-quill :  Even  during  the 
fame  gufl:  there  were  confiderable  variations. 

In  the  winter  following  I  conceived  an  experiment,  to 
try  whether  the  clouds  were  eledtrify'd  pofitively^  or  nega¬ 
tively  but  my  pointed  rod,  with  its  apparatus,  becoming 
out  of  order,  J  did  not  refit  it  till  towards  the  fpring,  when 
I  expedted  the  warm  weather  would  bring  on  more  fre¬ 
quent  thi^der-clouds. 

The  experiment  was  this:  To  take  two  phials ;  charge 
one  of  them  with  lightning  from  the  iron  rod,  and  give  the 
other  an  equal  charge  by  the  eledtric  glafs  globe,  thro'  the 
prime  condudtor :  When  charg'd,  to  place  them  on  a  table 
within  three  or  four  inches  of  each  other,  a  fmall  cork  ball 
being  fufpended  by  a  fine  filk  thread  from  the  ceiling,  fo  as 
it  might  play  between  the  wires.  If  both  bottles  then  were 
eledlrifyed  pojitively y  the  ball  being  attradled  and  repell'd 
by  one,  mull  be  alfo  repell'd  by  the  other.  If  the  one 
pojitively ,  and  the  other  negatively  5  then  the  ball  would 
be  attradled  and  repell’d  alternately  by  each,  and  continue 
to  play  between  them  as  long  as  any  confiderable  charge 
remained. 

Being  very  intent  on  making  this  experiment,  it  was  no 
fmall  mortification  to  me,  that  I  happened  to  be  abroad 
during  two  of  the  greatell  thunder- llorms  we  had  early  in 
the  fpring;  and  tho’  I  had  given  orders  in  my  family,  that 
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if  the  bells  rang  when  I  was  from  home,  they  lhould  catch 
fome  of  the  lightning  for  me  in  eledrical  phials,  and  they 
did  foj  yet  it  was  moftly  diffipated  before  my  return  ;  and 
in  fome  of  the  other  gufts,  the  quantity  of  lightning  I  was 
able  to  obtain,  was  fo  fmal!,  and  the  charge  fo  weak,  that 
I  could  not  fatisfy  myfelf :  Yet  I  fometimes  faw  what 
heighten’d  my  fufpicious  and  inflam’d  my  curiofity. 

At  laft,  on  the  12th  of  April  17^3,  there  being  a  fmart 
guft  of  fome  continuance,  I  charg’d  one  phial  pretty  well 
with  lightning,  and  the  other  equally,  as  near  as  I  could 
judge,  with  eledricity  from  my  glafs  globe ;  and  having 
plac’d  them  properly,  I  beheld,  with  great  furprize  and 
pleafure,  the  cork  ball  play  brifkly  between  them ;  and 
was  convinc’d  that  one  bottle  was  eledrifed  negatively . 

I  repeated  this  experiment  feveral  times  during  the  guft, 
and  in  eight  fucceeding  gufts,  always  with  the  fame  fuc- 
cefs$  and  being  of  opinion  (for  reafons  I  formerly  gave  in 
my  letter  to  Mr  Kinnerjley ,  fince  printed  in  London )  that 
the  glafs  globe  eledrifes  pojitively ;  I  concluded  that  the 
clouds  are  always  eledrifed  negatively ,  or  have  always  in 
them  lefs  than  their  natural  quantity  of  the  eledric  fluid. 

Yet  notwithstanding  fo  many  experiments,  it  feems  I 
concluded  too  foon ;  for  at  laft,  "June  the  6th,  in  a  guft 
which  continued  from  five  o’clock,  P.  M.  to  7,  I  met 
with  one  cloud  that  was  eledrifed  pofitively,  tho’  feveral 
that  pafs’d  over  my  rod  before,  during  the  fame  guft,  were 
in  the  negative  ftate.  This  was  thus  difcovered: 
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I  had  another  concurring  experiment,  which  I  often  re¬ 
peated,  to  prove  the  negative  ftate  of  the  clouds,  viz. 
While  the  hells  were  ringing,  I  took  the  phial  charg’d 
from  the  glafs  globe,  and  apply ’d  its  wbre  to  the  eredled 
rod;  confidering,  that  if  the  clouds  were  eledtriled  pofitive- 

ly ,  the  rod,  which  received  its  electricity  from  them,  muft  be 
ib  too;  and  then  the  additional  pofitive  eledtricityof  the  phial 
would  make  the  bells  ring  fafter But,  if  the  clouds  were 

r 

in  a  negative  ftate,  they  muft  exhauft  the  eledlric  fluid 
from  my  rod,  and  bring  that  into  the  fame  negative  ftate 
with  themfelves ;  and  then  the  wire  of  a  pofitively  charg’d 
phial,  fupplying  the  rod  with  what  it  wanted  (which  it 
was  oblig’d  otherwife  to  draw  from  the  earth  by  means  of 
the  pendulous  brals  ball  playing  between  the  two  bells) 
the  ringing  would  ceafe  till  the  bottle  was  difcharg’d. 

In  this  manner  I  quite  difcharged  into  the  rod  feveral 
phials  that  wrere  charged  from  the  glafs  globe,  the  electric 
fluid  ftreaming  from  the  wire  to  the  rod,  ’till  the  wire 
would  receive  no  fpark  from  the  Anger;  and  during  this 
fupply  to  the  rod  from  the  phial,  the  bells  ftopt  ringing; 
but  by  continuing  the  application  of  the  phial  wire  to  the 
rod,  I  exhaufted  the  natural  quantity  from  the  infide  fur- 
face  of  the  fame  phials,  or,  as  I  call  it,  charg’d  them  ne~ 
gatively .  • 

At  length,  while  I  was  charging  a  phial  by  my  glafs 
globe,  to  repeat  this  experiment,  my  bells,  of  themfelves, 
ftopt  ringing,  and,  after  fome  paufe,  began  to  ring  again. 

. — But  now,  when  I  approached  the  wire  of  the  charg’d 
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phial  to  the  rod,  inftead  of  the  ufual  ftream  that  I  expec¬ 
ted  from  the  wire  to  the  rod,  there  was  no  fpark ;  not  even 
when  I  brought  the  wire  and  the  rod  to  touch;  yet  the 
bells  continued  ringing  vigoroufly ;  which  prov’d  to  me, 
that  the  rod  was  then  poftively  ele&rify’d,  as  well  as  the 
wire  of  the  phial,  and  equally  fo ;  and  confequently,  that 
the  particular  cloud  then  over  the  rod,  was  in  the  fame 
pofitive  ftate.  This  was  near  the  end  of  the  guft. 

But  this  was  a  lingle  experiment,  which  however  de- 
ftroys  my  firft  too  general  conclufion,  and  reduces  me  to 
this :  That  the  clouds  of  a  thunder-gufl  are  mojl  commonly  in 
a  negative  f late  of  electricity,  hut  fometimes  in  a  poftive 
fate . 

The  latter  I  believe  is  rare;  for  tho’  I  foon  after  the 
laft  experiment,  fet  out  on  a  journey  to  Bofon, ,  and  was 
from  home  moft  part  of  the  fummer,  which  prevented 
my  making  farther  trials  and  obfervations ;  yet  Mr  Kin - 

7 terfey  returning  from  the  iilands  juft  as  I  left  home,  pur- 
fu’d  the  experiments  during  my  abfence, ,  and  informs  me 
that  he  always  found  the  clouds  in  the  negative  ftate. 

So  that,  for  the  moft  part,  in  thunder-ftrokes,  9tis  the 
earth  that  flrikes  into  the  clouds ,  and  not  the  clouds  that  fir.ike 
into 'the  earth . 

Thofe  who  are  vers’d  in  eledtric  experiments,  will  eafily 
conceive,  that  the  effe&s  and  appearances  muft  be  nearly 
the  fame  in  either  cafe;  the  fame  explolion,  and  the  fame 
flafli  between  one  cloud  and  another,  and  between  the 

clouds 
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clouds  and  mountains,  &c.  the  fame  rending  of  trees,  walls, 
&c.  which  the  electric  fluid  meets  with  in  its  paflagc,  and 
the  fame  fatal  fhock  to  animal  bodies  3  and  that  pointed 
rods  fix'd  on  buildings,  or  mafls  of  fhips,  and  communicat¬ 
ing  with  the  earth  or  fea,  muft  be  of  the  lame  fervice  in 
reftoring  the  equilibrium  filently  between  the  earth  and 
clouds,  or  in  conducting  a  flafh  or  ftroke,  if  one  fhould  be, 
fo  as  to  fave  harmlefs  the  houfe  or  veflel:  For  points  have 
equal  power  to  throw  off,  as  to  draw  on  the  eleCtric  fire, 
and  rods  will  conduct  up  as  well  as  down. 

But  tho’  the  light  gain’d  from  thefe  experiments  makes 
no  altration  in  the  practice,  it  makes  a  confiderable  one  in 
the  theory.  And  now  we  as  much  need  an  hypothefis  to 
explain  by  what  means  the  clouds  become  negatively,  as 
before  to  fhew  how  they  became  pofitively  electrified. 

I  cannot  forbear  venturing  fome  few  conjectures  on  this 
occafion :  They  are  what  occur  to  me  at  prefent ;  and  tho’ 
future  difcoveries  fhould  prove  them  not  wholly  right,  yet 
they  may  in  the  mean  time  be  of  fome  ufe,  by  ftirring  up 
the  curious  to  make  more  experiments,  and  occafion  more 
exaCt  difquifitions, 

I  conceive  then,  that  this  globe  of  earth  and  water, 
with  its  plants,  animals  and  buildings,  have,  diffus’d 
throughout  their  fubftance,  a  quantity  of  the  eieCtric  fluid, 
juft  as  much  as  they  can  contain,  which  I  call  the  natural 

quantity .  • 

That  this  natural  quantity  is  not  the  fame  in  all  kinds  of 

common  matter  under  the  fame  dimenfions,  nor  in  the 

fame 
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fame  kind  df  common  matter  in  all  circum (lances;  but 
a  folid  foot,  for  inftance,  of  one  kind  of  common  mat¬ 
ter,  may  contain  more  of  the  eleCtric  fluid  than  a  folid 
foot  of  fome  other  kind  of  common  matter;  and  a  pound 
weight  of  the  fame  kind  of  common  matter  may,  when 
in  a  rarer  ftate,  contain  more  of  the  eleCtric  fluid  than  when 
in  a  denfer  ftate. 

For  the  eleCtric  fluid,  being  attracted  by  any  portion  of 
common  matter,  the  parts  of  that  fluid  (which  have  among 
themfclves  a  mutual  repulfion)  are  brought  fo  near  to  each 
other  by  the  attraction  of  the  common  matter  that  abforbs 
them,  as  that  their  repulfion  is  equal  to  the  condenfing 
power  of  attraction  in  common  matter;  and  then  fuch 
portion  of  common  matter  will  abforb  no  more. 

Bodies  of  different  kinds  having  thus  attracted  and  ab- 
forb’d  what  I  call  their  natural  quantity ,  i.  e.  juft  as  much 
of  the  eleCtric  fluid  as  is  fuited  to  their  circumftances  of 
denfity,  rarity,  and  power  of  attracting,  do  not  then  fhow 
any  figns  of  electricity  among  each  other. 

And  if  more  eleCtric  fluid  be  added  to  one  of  thefe  bo¬ 
dies,  it  does  not  enter,  but  fpreads  on  the  furface,  forming 
an  atmofphere ;  and  then  fuch  body  fhows  figns  of  elec¬ 
tricity. 

I  have  in  a  former  paper  compar'd  common  matter  to 
a  fponge,  and  the  eleCtric  fluid  to  water :  I  beg  leave  once 
more  to  make  ufe  of  the  fame  comparifon,  to  illuftrate  far¬ 
ther  my  meaning  in  this  particular. 


When 
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When  a  fponge  is  fomewhat  condens’d  by  being  fqueez- 
ed  between  the  fingers,  it  will  not  receive  and  retain  fo  much 
water  as  when  in  its  more  loofe  and  open  (date. 

IS  more  fqueez’d  and  condens’d,  fome  of  the  water  will 
come  out  of  its  inner  parts,  and  flow  on  the  furface. 

If  the  prefliire  of  the  fingers  be  intirely  removed,  the 
fponge  will  not  only  refume  what  was  lately  forced  out, 
but  attrad  an  additional  quantity. 

As  the  fponge  in  its  rarer  flats  will  naturally  attrad  and 
abforb  more  water,  and  in  its  denfer  ftate  will  naturally  at- 
trad  and  abforb  lefs  water;  we  may  call  the  quantity  it  at¬ 
tracts  and  abforbs  in  either  ftate,  its  natural  quantity ,  the 
ftate  being  confidered. 

Now  what  the  fponge  is  to  water,  the  fame  is  water  to 
the  eledric  fluid. 

When  a  portion  of  water  is  in  its  common  denfe  ftate, 
it  can  hold  no  more  eledric  fluid  than  it  has ;  if  any  be 
added,  it  fpreads  on  the  furface. 

When  the  fame  portion  of  water  is  rarify’d  into  vapour, 
and  forms  a  cloud,  it  is  then  capable  of  receiving  and  ab- 
forbing  a  much  greater  quantity;  there  is  room  for  each 
particle  to  have  an  eledric  atmofphere. 

Thus  water,  in  its  rarify’d  ftate,  or  in  the  form  of  a 
cloud,  will  be  in  a  negative  ftate  of  eledricity ;  it  will  have 
lefs  than  its  natural  quantity,  that  is,  lefs  than  it  is  natu¬ 
rally  capable  of  attrading  and  abforbing  in  that  ftate. 

Such  a  cloud,  then,  coming  fo  near  the  earth  as  to  be 
within  the  ftriking  diftance,  will  receive  from  the  earth  a 
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flafh  of  the  eledric  fluid ;  which  flafh,  to  fupply  a  great 

extent  of  cloud,  mu  ft  fometimes  contain  a  very  great  quan¬ 
tity  of  that  fluid. 

Or  fuch  a  cloud,  pafling  over  woods  of  tall  trees,  may 
from  the  points  and  fharp  edges  of  their  moift  top  leaves, 
receive  filently  fome  fupply. 

A  cloud  being  by  any  means  fupply’d  from  the  earth, 
may  ftrike  into  other  clouds  that  have  not  been  fupply’d,  of 
not  fo  much  fupply’d;  and  thofe  to  others,  till  an  equi¬ 
librium  is  produc'd  among  all  the  clouds  that  are  within 
linking  diftance  of  each  other. 

The  cloud  thus  fupply’d,  having  parted  with  much  of 
what  it  firft  receiv’d,  may  require  and  receive  a  frefli  fup¬ 
ply  from  the  earth,  or  from  fome  other  cloud,  which  by 
the  wind  is  brought  into  fuch  a  fituation  as  to  receive  it 
more  readily  from  the  earth. 

Hence  repeated,  and  continual  ftrokes  and  flafhes  till 
the  clouds  have  all  got  nearly  their  natural  quantity  as 
clouds  3  or  till  they  have  defcended  in  fhowers,  and  are 
united  again  with  this  terraqueous  globe,  their  original. 

Thus  thunder-clouds  are  generally  in  a  negative  ftate  of 
eledricity  compar’d  with  the  earth,  agreeable  to  moft  of 
our  experiments;  yet  as  by  one  experiment  we  found  a 
cloud  eledris’d  pofltively;  I  conjedure  that,  in  that  cafe, 
fuch  cloud,  after  having  received  what  was,  in  its  rare 
ftate,  only  its  natural  quantity ,  became  comprefs’d  by  the 
driving  winds,  or  fome  other  means,  fo  that  part  of  what 
it  had  abforb’d  was  forc’d  out,  and  form’d  an  eledric  at- 
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mofphere  around  it  in  its  denfer  ftate.  Hence  it  was  ca¬ 
pable  of  communicating  pofitive  eledricity  to  my  rod. 

To  fhow  that  a  body  in  different  circumfiances  of  di¬ 
latation  and  contraction  is  capable  of  receiving  and  re¬ 
taining  more  or  lefs  of  the  eletfxic  fluid  on  its  fin-face,  I 
would  relate  the  following  experiment.  I  placed  a  clean 
wine  glafs  on  the  floor,  and  on  it  a  fmall  fllver  can.  In 
the  can  I  put  about  three  yards  of  hrafs  chain  ;  to  one 
end  of  which  I  fattened  a  fllk  thread,  which  went  right 
up  to  the  cieling,  where  it  patted  over  a  pulley,  and  came 
down  again  to  my  hand,  that  I  might  at  pleafure  draw  ’ 
the  chain  up  out  of  the  can,  extending  it  till  within  a 
foot  of  the  cieling,  and  let  it  gradually  fink  into  the  can 

again. - From  the  cieling,  by  another  thread  of  fine 

raw  fllk,  I  fufpended  a  fmall  light  lock  of  cotton,  fo  as 
that  when  it  hung  perpendicularly,  it  came  in  contacft 
with  the  fide  of  the  can.-  -Then  approaching  the  wire 
of  a  charged  vial  to  the  can,  I  gave  it  a  fpark,  which 
flow’d  round  it  in  an  eledtric  atmofphere  ;  and  the  lock 
of  cdtton  was  repelled  from  the  fide  of  the  can  to  the 
diftance  of  about  nine  or  ten  inches.  The  can  would 
not  then  receive  another  fpark  from  the  wire  of  the  vial ; 
but  as  I  gradually  drew  up  the  chain,  the  atmofphere  of 
the  can  diminilh’d  by  flowing  over  the  rifing  chain,  and 
the  lock  of  cotton  accordingly  drew  nearer  and  nearer  to 
the  can  ;  and  then,  if  I  again  brought  the  vial  wire  near 
the  can,  it  would  receive  another  fpark,  and  the  cotton 
fly  off  again  to  its  firft  difiance  ;  and  thus,  as  the  chain 
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Was  drawn  higner,  the  can  would  receive  more  fparks  j 

becaufe  the  can  and  extended  chain  were  capable  of  fun- 

porting  a  greater  atmofphere  than  the  can  with  the  chain 

gather’d  up  into  its  beliy. - And  that  the  atmofphere 

round  the  can  was  diminilhed  by  railing  the  chain,  and 

incredt d  again  by  lowering  it,  is  not  only  agreeable  to 

reafc.n,  fince  the  atmoiphere  ot  the  chain  mud  be  drawn 

from  that  of  the  can,  when  it  rofe,  and  returned  to  it 

again  when  it  fell ;  but  was  alfo  evident  to  the  eye,  the 

lock  of  cotton  always  approaching  the  can  when  the 

chain  was  drawn  up,  and  receding  when  it  was  let  down 
again. 

Thus  we  fee  that  increafe  of  furface  makes  a  body  ca¬ 
pable  of  receiving  a  greater  electric  atmofphere  :  But 
this  experiment  does  not,  I  own,  fully  demondrate  my 
new  hypothefis ;  for  the  brafs  and  filver  dill  continue  in 
their  fohd  date,  and  are  not  rarified  into  vapour,  as  the 
vvater  is  in  clouds.  Perhaps  fome  future  experiments  on 
vapourized  water  may  fet  this  matter  in  a  clearer  light. 

One  feemingly  material  objection  arifes  to  the  new  hy- 
pouiefis,  and  it  is  this.  If  water,  in  its  rarified  date,  as 
a  cloud,  requires,  and  will  abforb  more  of  the  eledtric 
fluid  than  when  in  its  denfe  date  as  water,  why  does  it 
not  acquire  from  the  earth  all  it  wants  at  the  indant  of  its 
leaving  the  furface,  while  it  is  yet  near,  and  but  jud  ri¬ 
ding  in  vapour  ?  To  this  difficulty  I  own  I  cannot  atpre- 
fent  give  a  folutlon  fatisfadtory  to  myfelf:  I  thought, 

how- 
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however,  that  I  ought  to  hate  it  in  its  full  force,  as  I 
have  done,  and  fubmit  the  whole  to  examination. 

And  I  would  beg  leave  to  recommend  it  to  the  curious 
in  this  branch  of  natural  philofophy,  to  repeat  with  care 
and  accurate  obfervaticn,  the  experiments  I  have  report¬ 
ed  in  this  and  former  papers  relating  to pojitive  and  negative 
electricity,  with  fuch  other  relative  ones  as  (hall  occur  to 
to  them,  that  it  may  be  certainly  known  whether  the  e- 
leCtricity  communicated  by  a  glafs  globe,  be  really  pofitive. 
And  alfo  I  would  requeft  all  who  may  have  an  opportuni¬ 
ty  of  obferving  the  recent  effects  of  lightning  on  buildings, 
trees,  &c.  that  they  would  confider  them  particularly 
with  a  view  to  difcover  the  direction.  But  in  thefe  ex¬ 
aminations,  this  one  thing  is  always  to  be  underftood,  viz. 
that  a  ftrearn  of  the  eleCtric  fluid  pafling  thro’  wood,  brick, 
metal, &c.  while  fuch  fluid  pafles  in  fmall  quantity ,  the  mu¬ 
tually  repulfive  power  of  its  parts  is  confined  and  overcome 
by  the  cohefion  of  the  parts  of  the  body  it  pafles  through, 
fo  as  to  prevent  an  explofion ;  but  when  the  fluid  comes 
in  a  quantity  too  great  to  be  confin’d  by  fuch  cohefion,  it 
explodes,  and  rends  or  fufes  the  body  that  endeavour’d  to 
confine  it.  If  it  be  wood,  brick,  ftone,  or  the  like,  the 
fplinters  will  flie  off  on  that  fide  where  there  is  leaft  re- 
fiftance.  And  thus,  when  a  whole  is  ftruck  thro’  pafte-board 
by  the  eleClrify’d  jar,  if  the  furfaces  of  the  pafte-board 
are  not  confin’d  or  comprefs’d,  there  will  be  a  bur  rais’d 
all  round  the  hole  on  both  fides  the  pafteboard ;  but  if  one 
fide  be  confin’d,  fo  that  the  bur  cannot  be  rais’d  on  that 

fide, 
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fide,  it  will  be  all  rais’d  on  the  other,  which  way  foever  the 
fluid  was  directed.  For  the  bur  round  the  outfide  of  the 
hole,  is  the  efifeCt  of  the  explofion  every  way  from  the 
center  of  the  ftream,  and  not  an  efifeCt  of  the  direction. 

In  every  ftroke  of  lightning,  I  am  of  opinion  that  the 
dream  of  the  eleCtric  fluid,  moving  to  reftore  the  equilibri¬ 
um  between  the  cloud  and  the  earth,  does  always  previ- 
oufly  find  its  paflage,  and  mark  out,  as  I  may  fay,  its  own 
courfe,  taking  in  its  way  all  the  conductors  it  can  find  5  fuch 
as  metals,  damp  walls,  moift  wood,  &c.  and  will  go  confi- 
derably  out  of  a  direCt  courfe,  for  the  fake  of  the  affiftance 
of  good  conductors  •  and  that,  in  this  courfe,  it  is  actually 
moving,  tho’  filently  and  imperceptibly,  before  the  explo¬ 
fion,  in  and  among  the  conductors  5  which  explofion  hap¬ 
pens  only  when  the  conductors  cannot  difcharge  it  as  faft 
as  they  receive  it,  by  reafon  of  their  being  incompleat,  dis¬ 
united,  too  fmall,  or  not  of  the  belt  materials  for  conduct¬ 
ing.  Metalline  rods,  therefore,  of  fufficient  thicknefs,  and 
extending  from  the  higheft  part  of  an  edifice  to  the  ground, 
being  of  the  belt  materials  and  compleat  conductors,  will, 

I  think,  fecure  the  building  from  damage ;  either  by  reftor- 
ing  the  equilibrium  fo  faft  as  to  prevent  a  ftroke,  or  by  con¬ 
ducting  it  in  the  fubftance  of  the  rod  as  far  as  the  rod  goes, 
fo  that  there  fhall  be  no  explofion  but  what  is  above  its 
point,  between  that  and  the  clouds. 

If  it  be  afk  d,  what  thicknefs  of  a  metalline  rod  may  be 
iuppos  d  fuhicient  ?  In  anfwer,  I  would  remark,  that  five 
/aige  glafs  jars,  fuch  as  I  have  defcribed  in  my  former  pa¬ 
pers, 
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pers,  difcharge  a  very  great  quantity  of  eledricy,  whifch 
neverthelefs  will  be  all  concluded  round  the  corner  of  a 
book,  by  the  fine  filleting  of  gold  on  the  cover,  it  follow¬ 
ing  the  gold  the  fartheft  way  about,  rather  than  take  the 
Ihorter  courfe  through  the  cover,  that  not  being  fo  good  a 
conductor.  Now  in  this  line  of  gold  the  metal  is  fo  ex¬ 
tremely  thin  as  to  be  little  more  than  the  colour  of  gold, 
and  on  an  odavo  book  is  not  in  the  whole  an  inch  fquare, 
and  therefore  not  the  36th  part  of  a  grain  according  to 
M.  Reaumur ;  yet  ’tis  fufficient  to  condud  the  charge  of 
5  large  jars,  and  how  many  more  I  know  not.  Now, 

I  fuppofe  a  wire  of  ^  inch  diameter  to  contain  about  5000 
times  as  much  metal  as  there  is  in  that  gold  line,  and  if 
fo,  it  will  condud  the  charge  of  25,000  fuch  glafs  jarrs, 
which  is  a  quantity,  I  imagine,  far  beyond  what  was  e- 
ver  contain’d  in  any  one  ftroke  of  natural  lightning.  But 
arod  of  half  an  inch  diameter  would  condud  four  times  as 
much  as  one  of  a  quarter. 

And  with  regard  to  conduding ;  tho’  a  certain  thick- 
nefs  of  metal  be  required  to  condud  a  great  quantity  of 
eledricity,  and,  at  the  fame  time,  keep  its  own  fubftance 
firm  and  unfeparated  ;  and  a  lefs  quantity,  as  a  very  fmall 
wire  for  inftance,  will  be  deftroy’d  by  the  explofion ;  yet 
iucn  fmall  wire  will  have  anfwer’d  the  end  of  conduding 
that  ftroke,  tho’  it  become  incapable  of  conduding  ano¬ 
ther.  And  confidering  the  extream  rapidity  with  which 
rhe  eledric  fluid  moves  without  exploding,  when  it  has  a 

II  ee  paflage,  or  compleat  metal  communication,  I  fhould 

think 
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think  a  vaft  quantity  would  be  conduced  in  a  fhort  time, 
either  to  or  from  a  cloud,  to  reflore  its  equilibrium  with 
the  earth,  by  means  of  a  very  lmall  wire  ;  and  therefore 
thick  rods  fhould  feem  not  fo  neceffary. — However,  as  the 
quantity  of  lightning  difcharg’d  in  one  flroke  cannot  well 
be  meafured,  and,  in  different  flrokes,  is  certainly  very  va¬ 
rious,  in  fome  much  greater  than  others ;  and  as  iron  (the 
befl  metal  for  the  purpofe,  being  lead:  apt  to  fufe)  is  cheap, 
it  may  he  well  enough  to  provide  a  larger  canal  to  guide 
that  impetuous  blafl,  than  we  imagine  neceffary :  For, 
though  one  middling  wire  may  be  fufficient,  two  or  three 
can  do  no  harm.  And  time,  with  careful  cbfervations 
well  compar’d,  will  at  length  point  out  the  proper  fize  to 
greater  certainty. 

Pointed  rods  ereCted  on  edifices  may  likewife  often  pre¬ 
vent  a  flroke,  in  the  following  manner.  An  eye  fo  fitu- 
ated  as  to  view  horizontally  the  under  fide  of  a  thunder 
cloud,  will  fee  it  very  ragged,  with  a  number  of  feparate 
fragments,  or  petty  clouds,  one  under  another,  the  lowed: 
fometimes  not  far  from  the  earth.  Thefe,  as  fo  many 
flepping-ftoneg,  affifl  in  conducting  a  flroke  between  the 
cloud  and  a  building.  To  reprefent  thefe  by  an  experi¬ 
ment,  take  two  or  three  locks  of  fine  loofe  cotton,  con¬ 
ned  one  of  them  with  the  prime  conductor  by  a  fine 
thread  of  two  inches,  (which  may  be  fpun  out  of  the 
fame  lock  by  the  fingers)  another  to  that,  and  the  third 
to  the  fecond,  by  like  threads.— *Turn  the  globe,  and  you 

will 
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will  fee  thefe  locks  extend  themfelves  towards  the  table, 
(as  the  lower  fmall  clouds  do  towards  the  earth)  being  at¬ 
tracted  by  it:  But  on  preferring  a  fharp  point  ereCt  under 
the  lowefb  it  will  fhrink  up  to  the  fecond,  the  fecond  to 
the  firft,  and  all  together  to  the  prime  conductor,  where 
they  will  continue  as  long  as  the  point  continues  under 
them.  May  not,  in  like  manner,  the  fmall  eleCtrifed 
clouds,  whofe  equilibrium  with  the  earth  is  foon  redor’d 
by  the  point,  rife  up  to  the  main  body,  and  by  that  means 

m 

occafion  fo  large  a  vacancy,  as  that  the  grand  cloud  cannot 
ftrike  in  that  place  ? 

Thefe  thoughts,  my  dear  friend,  are  many  of  them 
crude  and  haffy;  and  if  I  were  merely  ambitious  of  acquir¬ 
ing  fome  reputation  in  philofophy,  I  ought  to  keep  them 
by  me,  till  corrected  and  improved  by  time  and  farther 
experience.  But  fince  even  fhort  hints,  and  imperfeCt  ex¬ 
periments  in  any  new  branch  of  fcience,  being  communi¬ 
cated,  have  oftentimes  a  good  effeCt,  in  exciting  the  atten¬ 
tion  of  the  ingenious  to  the  fubjeCt,  and  fo  become  the 
occafion  of  more  exaCt  difquifitions,  and  more  compleat 
difcoveries.  You  are  at  liberty  to  communicate  this  paper 
to  whom  you  pleafe ;  it  being  of  more  importance  that 
knowledge  fhould  increafe,  than  that  your  friend  fliould. 
be  thought  an  accurate  philofopher. 
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LETTER  XIII. 

FROM 

Benjamin  Franklin,  Efq\  at  Philadelphia . 

T  O 

Peter  Collinson,  Efq\  F.  R.  S.  at  London. 


SIR ,  April  1 8,  1754. 

SINCE  September  laft,  having  been  abroad  on  two 
long  journeys,  and  otherwife  much  engag’d,  I  have 
made  but  few  obfervations  on  the  tofitive  and  negative 
Rate  of  electricity  in  the  clouds.  But  Mr  Kinnerjley  kept 
his  rod  and  bells  in  good  order,  and  has  made  many. 

Once  this  winter  the  bells  rang  a  long  time,  during  a 
fall  of  fnow,  tho’  no  thunder  was  heard  or  lightning  feen. 
Sometimes  the  flafhes  and  cracks  of  the  eleCtric  matter  be¬ 
tween  bell  and  bell  were  fo  large  and  loud,  as  to  be  heard 
all  over  the  houfe:  but  by  all  his  obfervations,  the 
clouds  were  conftantly  in  a  negative  Rate,  till  about  fix 
weeks  ago,  when  he  found  them  once  to  change  in  a  few 
minutes  from  the  negative  to  the  pofitive.  About  a  fort¬ 
night 
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night  after  that  he  made  another  obfervation  of  the  fame 
kind ;  and  lafl  Monday  afternoon,  the  wind  blowing  hard 
at  S.  E.  and  veering  round  to  N.  E.  with  many  thick  driv¬ 
ing  clouds,  there  were  five  or  fix  fucceffive  changes  from 
negative  to  pofitive,  and  from  pofitive  to  negative,  the 
bells  flopping  a  minute  or  two  between  every  change. 
Befides  the  methods  mentioned  in  my  paper  of  September 
laft,  of  difcovering  the  electrical  flate  of  the  clouds,  the  fol¬ 
lowing  may  be  us’d.  When  your  bells  are  ringing,  pafs  a 
rnbb’d  tube  by  the  edge  of  the  bell,  connected  with  your 
pointed  rod:  if  the  cloud  is  then  in  a  negative  fiate,  the 
ringing  will  flop;  if  in  a  pofitive  flate,  it  will  continue, 
and  perhaps  be  quicker.  Or,  fufpend  a  very  fmall  cork- 
ball  by  a  fine  filk  thread,  fo  that  it  may  hang  clofe  to  the 
edge  of  the  rod-bell :  then  whenever  the  bell  is  electrified,, 
whether  pofitively  or  negatively,  the  little  ball  will  be  re- 
pell’d,  and  continue  at  fbme  diflance  from  the  bell.  HaVe 
ready  a  round-headed  glafs  flopper  of  a  decanter,  rub  it 
on  your  fide  ’till  it  is  electrified,  then  prefent  it  to  the 
cork-ball.  If  the  electricity  in  the  ball  is  pofitive,  it  will 
be  repell’d  from  the  glafs  flopper  as  well  as  from  the  bell. 
If  negative,  it  will  fly  to  the  flopper. 

S  2 


LET- 


REMARKS 

On  the  Abbe  NOLLET’s 

Letters  on  Electricity. 

T  O 

Benj.  Franklin,  Efq ;  of  Philadelphia . 

B  Y 

Mr  David  Col  den,  of  New-York, 

SIR,  Coldenham ,  in  N.  York ,  Dec.  4,  1753. 

IN  confidering  the  Abbe  Nollet’s  letters  to  Mr  Frank¬ 
lin,  I  am  obliged  to  pafs  by  all  the  experiments  which 
are  made  with,  or  in,  bottles  hermetically  fealed,  or 
exhaufted  of  air ;  becaufe,  not  being  able  to  repeat  the 
experiments,  I  could  not  fecond  any  thing,  which  occurs 
to  me  thereon,  by  experimental  proof.  Wherefore,  the 
firft  point  wherein  I  can  dare  to  give  my  opinion,  is  in 
the  Abbe’s  4th  letter,  p.  66,  where  he  undertakes  to  prove, 
that  the  eledric  matter  paffes  from  one  furface  to  another 
through  the  intire  thicknefs  of  the  glafs :  He  takes  Mr 
Franklin's  experiment  of  the  magical  pidure,  and  writes 
thus  of  it.  “  When  you  eledrife  a  pane  of  glafs  coated 


on 
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cc  on  both  Tides  with  metal,  it  is  evident  that  whatever  is 
cc  placed  on  the  fide  oppofite  to  that  which  receives  the 
cc  electricity  from  the  conductor,  receives  alfo  an  evident 
“  eleCtrical  virtue.”  Which  Mr  Franklin  fays,  is  that  e- 
qual  quantity  of  eleCtric  matter,  driven  out  of  this  fide, 
by  what  is  received  from  the  conductor  on  the  other  fide ; 
and  which  will  continue  to  give  an  eleCtrical  virtue,  to 
any  thing  in  contact  with  it,  till  it  is  entirely  difcharged 
of  its  eleCtrical  fire.  To  which  the  Abbe  thus  objeCts : 
<c  Tell  me,  fays  he,  I  pray  you,  how  much  time  is  ne- 
“  ceflary  for  this  pretended  difcharge  ?  I  can  afiiire  you, 
<c  that  after  having  maintain’d  the  eleCtrifation  for  hours, 
“  this  furface,  which  ought,  as  it  feems  to  me,  to  be  en- 
<c  tirely  difcharged  of  its  eleCtrical  matter,  confidering  ei- 
<c  ther  the  vaft  number  of  fparks  that  were  drawn  from  it, 
ic  or  the  time  that  this  matter  had  been  expofed  to  the  aCtion 
cc  of  the  expulfive  caufe  $  this  furface,  I  fay,  appeared  ra- 
c<  ther  better  eleClrifed  thereby,  and  more  proper  to  pro- 
“  duce  all  the  effeCts  of  an  aCtual  eleCtric  body.’  ’  f.  63. 

The  Abbe  does  not  tell  us  what  thofe  effeCts  were  :  all 
the  effeCts  I  could  never  obferve,  and  thofe  that  are  to 
be  obferved  can  eafily  be  accounted  for,  by  fuppofing  that 
fide  to  be  entirely  deftitute  of  eleCtric  matter.  The  moft 
fenfible  effeCt  of  a  body  charged  with  electricity  is,  that 
when  you  prefent  your  finger  to  it,  a  fpark  will  ifiiie  from 
it  to  your  finger :  Now  when  a  phial,  prepared  for  the 

Leyden  experiment,  is  hung  to  the  gun-barrel  or  prime- 

con- 
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conductor,  and  you  turn  the  globe  in  order  to  charge  it ; 
as  loon  as  the  electric  matter  is  excited,  you  can  obfervs  a 
Ipark  to  iffue  from  the  external  furface  of  the  phial  to 
your  finger ;  which,  Mr  Franklin  fays,  is  the  natural  eledric 
matter  of  the  glals  driven  out  by  that  received  by  the  in¬ 
ner  furface  from  the  conductor.  If  it  be  only  drawn  out 
by  fparks,  a  vaft  number  of  them  may  be  drawn;  but  if 
you  take  hold  of  the  external  luriace  with  your  hand,  the 
phial  will  foon  receive  all  the  eledric  matter  it  is  capable  of, 
and  the  outfide  will  then  be  entirely  dellitute  of  its  eledric 
matter,  and  no  fpark  can  be  drawn  from  it  by  the  finger : 
here  then  is  a  want  of  that  effed  which  all  bodies,  charged 
with  eledricity,  have.  Some  of  the  effeds  of  an  eledric 
body,  which  I  fuppofe  the  Abbe  has  obferved  in  the  ex¬ 
terior  furface  of  a  charged  phial,  are  that  all  light  bodies 
are  attraded  by  it.  This  is  an  effed  which  I  have  con- 
ftantly  obferved,  but  do  not  think  that  it  proceeds  from 
an  attradive  quality  in  the  exterior  furface  of  the  phial, 
but  in  thofe  light  bodies  themfelves,  which  feem  to  be  at¬ 
tracted  by  the  phial.  It  is  a  conftant  obfervation,  that 
when  one  body  has  a  greater  charge  of  eledric  matter  in 
it  than  another  (that  is  in  proportion  to  the  quantity  they 
will  hold)  this  body  will  attrad  that  which  has  lefs :  Now, 
I  fuppofe,  and  it  is  a  part  of  Mr  Franklin' s  fyftem,  that 
all  thofe  light  bodies  which  appear  to  be  attraded,  have 
more  eledric  matter  in  them  than  the  external  furface  of 
the  phial  has,  wherefore  they  endeavour  to  attrad  the 

phial 
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phial  to  them,  which  is  too  heavy  to  be  moved  by  the 
fmr.ll  degree  of  force  they  exert,  and  yet  being  greater 
than  their  own  weight,  moves  them  to  the  phial.  Tne 
following  experiment  will  help  the  imagination  in  con¬ 
ceiving  this.  Sufpend  a  cork  ball,  or  a  feather  by  a  fiik 
thread  and  eledtrife  it,  then  bring  this  ball  nigh  to  any 
fixed  body,  and  it  will  appear  to  be  attradted  by  that  bo¬ 
dy,  for  it  will  fly  to  it :  Now,  by  the  confent  of  electri¬ 
cians,  the  attradtive  caufe  is  in  the  ball  itfclfj  and  not 
in  the  fixed  body  to  which  it  flies :  This  is  a  fimilar  cate 
with  the  apparent  attradtion  of  light  bodies,  to  the  external 
furface  of  a  charged  phial. 

The  Abbe  fays,  p.  69.  “  that  he  can  eledtrife  a  hundred 
men,  Handing  on  wax,  if  they  hold  hands,  and  if  one  of 
them  touch  one  of  thefe  furfaces  (the  exterior)  with  the 
end  of  his  finger”  :  This  1  know  he  can,  while  the  phial  is 
charging,  but  after  the  phial  is  charged  I  am  as  certain  he 
cannot:  That  is,  hang  a  phial,  prepared  for  the  Leyden 
experiment,  to  the  condudtor,  and  let  a  man,  Handing  on 
the  floor, touch  the  coating  with  his  finger,  while  the  globe 
is  turn’d,  till  the  eledtric  matter  fpews  out  of  the  hook  of 
the  phial,  or  feme  part  of  the  condudtor,  which  I  take  to 
be  the  certaineH  fign  that  the  phial  has  received  all  the  e- 
ledtric  matter  it  can :  after  this  appears,  let  the  man,  who 
before  flood  on  the  floor,  flep  on  a  cake  of  wax,  where 
he  may  Hand  for  hours,  and  the  globe  all  that  time  turn¬ 
ed,  and  yet  have  no  appearance  of  being  eledtrifed.  Af¬ 
ter 
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ter  the  eleftric  matter  was  fpewed  out  as  above  from  the 
hook  of  a  phial,  prepared  for  the  Leyden  experiment,  I 
hung  another  phial,  in  like  manner  prepared,  to  a  hook  fix¬ 
ed  in  the  coating  of  the  firfl,  and  held  this  other  phial  in 
my  hand ;  now  if  there  was  any  define  matter  tranfmit- 
ted  thro’  the  glafs  of  the  firfl  phial,  the  fecond  one  would 
certainly  receive  and  colleft  it;  but  having  kept  the  phials 
in  this  utuation  for  a  confiderable  time,  during  which  the 
globe  was  continually  turned,  I  could  not  perceive  that  the 
fecond  phial  was  in  the  leaf!  charged,  for  when  I  touch¬ 
ed  the  hook  with  my  finger,  as  in  the  Leyden  experiment, 
I  did  not  feel  the  leaf!  commotion,  nor  perceive  any  fpark 
to  ilTue  from  the  hook. 

I  likewife  made  the  following  experiment.  Having 
charged  two  phials  (prepared  for  the  Leyden  experiment) 
through  their  hooks ;  two  perfons  took  each  one  of  thefe 
phials  in  their  hand,  one  held  his  phial  by  the  coating,  the 
other  by  the  hook,  which  he  could  do  by  removing  the  com¬ 
munication  from  the  bottom  before  he  took  hold  of  the  hook. 
Thefe  perfons  placed  themfelves,  one  on  each  fide  of  me, 
while  I  flood  on  a  cake  of  wax,  and  took  hold  of  the  hook 
of  that  phial  which  was  held  by  its  coating  (upon  which 
a  fpark  ilfoed,  but  the  phial  was  not  difeharged,  as  I  flood 
on  wax)  keeping  hold  of  the  hook,  I  touched  the  coat¬ 
ing  of  the  phial  that  was  held  by  its  hook  with  my  other 
hand  ;  upon  which  there  was  a  large  fpark  to  be  feen  be¬ 
tween  my  finger  and  the  coating,  and  both  phials  were 

inflantly. 
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inftantly  difcharged.  If  the  Abbe’s  opinion  be  right,  that 
the  exterior  furface,  communicating  with  the  coating,  is 
charged,  as  well  as  the  interior,  communicating  with  the 
hook ;  how  can  I,  who  ftand  on  wax,  difcharge  both  thefe 
phials,  when  it  is  well  known  I  could  not  difcharge 
one  of  them  fingly?  Nay,  fuppofe  I  have  drawn  the  elec¬ 
tric  matter  from  both  of  them,  what  becomes  of  it  ?  For 
I  appear  to  have  no  additional  quantity  in  me  when  the  ex¬ 
periment  is  over, and  I  have  not  ftirr’d  off  the  wax :  Where¬ 
fore  this  experiment  fully  convinces  me,  that  the  exterior 
furface  is  not  charged  j  and  not  only  fo,  but  that  it  wants 
as  much  electric  matter  as  the  inner  has  of  excefs :  For  by 
this  fuppofition,  which  is  a  part  of  Mr  Franklin' s  fyftem, 
the  above  experiment  is  eafily  accounted  for,  as  follows : 


When  I  ftand  on  wax,  my  body  is  not  capable  of  receiving 
all  the  eledric  matter  from  the  hook  of  one  phial,  which 
it  is  ready  to  give ;  neither  can  it  give  as  much  to  the  coating 
of  the  other  phial  as  it  is  ready  to  take,  when  one  is  only 
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applied  to  me :  But  when  both  are  applied,  the  coating 
takes  from  one  what  the  hook  gives:  Thus  I  receive  the 
fire  from  the  firft  phial  at  B,  the  exterior  furface  of  which 
is  fupplied  from  the  hand  at  A:  1  give  the  fire  to  the  fe- 
cond  phial  at  C,  whofe  interior  furface  is  difcharged  by 
the  hand  at  D.  This  difcharge  at  D  may  be  made  evident 
by  receiving  that  fire  into  the  hook  of  a  third  phial,  which 
is  done  thus :  In  place  of  taking  the  hook  of  the  fecond 
phial  in  your  hand,  run  the  wire  of  a  third  phial,  prepared 
as  for  the  Leyden  experiment,  through  it,  and  hold  this  third 
phial  in  your  hand,  the  fecond  one  hanging  to  it,  by  the 
ends  of  the  hooks  run  through  each  other:  When  the  ex¬ 
periment  is  performed,  this  third  phial  receives  the  fire  at 
D,  and  will  be  charged.  When  this  experiment  is  confi- 
dered,  I  think,  it  muft  fully  prove  that  the  exterior  furface 
of  a  charged  phial  wants  eleftric  matter,  while  the  inner 
furface  has  an  excefs  of  it.  One  thing  more,  worthy  of 
notice  in  this  experiment  is,  that  I  feel  no  commotion  or 
fhock  in  my  arms,  tho’  fo  great  a  quantity  of  ele&ric  mat¬ 
ter  paffes  through  them  inftantaneoufly :  I  only  feel  a  prick¬ 
ling  in  the  ends  of  my  fingers.  This  makes  me  think  the 
Abbe  has  miftook,  when  he  fays,  that  there  is  no  difference 
between  the  fhock  felt  in  performing  the  Leyden  experi¬ 
ment,  and  the  prickling  felt  on  drawing  Ample  fparks,  ex¬ 
cept  that  of  greater  to  lefs.  In  the  laft  experiment,  as  much 
ele&ric  matter  went  through  my  arms,  as  would  have  given 
me  a  very  fenfible  fhock,  had  there  been  an  immediate  com- 
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munication,  by  my  arms,  from  the  hook  to  the  coating  of 
the  fame  phial;  becaufe  when  it  was  taken  into  a  third 
phiai,  and  that  phial  difcharged  fingly  thro*  my  arms,  it 
gave  me  a  fenfible  (hock.  If  thefe  experiments  prove  that 
the  eleCtric  matter  does  not  pafs  through  the  intire  thick- 
nefs  of  the  glafs;  it  is  a  neceffary  confequence  that  it  mufl 
always  come  out  where  it  enter’d. 

The  next  thing  I  meet  with,  is  in  the  Abbe’s  fifth  letter 
p .  88,  where  he  differs  from  Mr  Franklin ,  who  thinks 
that  the  whole  power  of  giving  a  fhock  is  in  the  glafs  it- 
felf,  and  not  in  the  non-eleCtrics;  in  contadl  with  it.  The 
experiments  which  Mr  Franklin  gave  to  prove  this  opini- 
on  in  his  Experiments  and  Obfervations  on  Electricity, 
Letter  III.  p.  24.  convinced  me  that  he  was  in  the  right; 
and  what  the  Abbe  has  afferted  in  contradiction  thereto, 
has  not  made  me  think  otherwife^  The  Abbe  perceiving, 
as  I  fuppofe,  that  the  experiments,  as  Mr  Franklin  had 
perform’d  them,  muft  prove  his  aflertion;  alters  them 
without  giving  any  reafon  for  it,  and  makes  them  in  a 
manner  that  proves  nothing.  Why  will  he  have  the  phial, 
into  which  the  water  is  to  be  decanted  from  a  charged 
phial,  held  in  a  man’s  hand?  If  the  power  of  giving  a 
fhock  is  in  the  water  contain’d  in  the  phial,  it  fhould  re* 
main  there  tho’  decanted  into  another  phial,  fince  no  non¬ 
electric  body  touch’d  it  to  take  that  power  off.  The  phial 
being  placed  on  wax  is  no  objection,  for  it  cannot  take  the 
power  from  the  water,  if  it  had  any,  but  it  is  a  neceffary 
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means  to  try  the  faCt;  whereas,  that  phial’s  being  charged 
when  held  in  a  man’s  hand,  only  proves  that  water  will 
conduct  the  electric  matter.  The  Abbe  owns,  p .  94.  that 
he  had  heard  this  remarked,  but  fays,  Why  is  not  a  con¬ 
ductor  of  electricity  an  eleCtric  fubjeCt  ?  This  is  not  the 
queftion ;  Mr  Fra?iklin  never  faid  that  water  was  not  an  e- 
leCtric  fubjeCt  5  he  faid,  that  the  power  of  giving  a  fhock 
was  in  the  glafs,  and  not  in  the  water  ;  and  this,  his  expe¬ 
riments,  fully  prove;  fo  fully,  that  it  may  appear  imper¬ 
tinent  to  offer  any  more :  Yet  as  I  do  not  know  that  the 
following  has  been  taken  notice  of  by  any  body  before, 
my  inferting  of  it  in  this  place  may  be  excufed.  It  is  this : 
Hang  a  phial,  prepared  for  the  Leyden  experiment, 
to  the  conductor,  by  its  hook,  and  charge  it,  which 
done,  remove  the  communication  from  the  bottom  of 
the  phial.  Now  the  conductor  fhews  evident  figns  of  be¬ 
ing  eleCtrifed;  for  if  a  thread  be  tied  round  it,  andit  s  ends 
left  about  two  inches  long,  they  will  extend  themfelves 
out  like  a  pair  of  horns;  but  if  you  touch  the  con¬ 
ductor,  a  fpark  will  iffue  from  it,  and  the  threads  will  fall, 
nor  does  the  conductor  fhew  the  leaft  fign  of  being  elec- 
trifed  after  this  is  done.  I  think  that  by  this  touch,  I 
have  taken  out  all  the  charge  of  eleCtric  matter  that  was 
in  the  conductor,  the  hook  of  the  phial,  and  water  or  fi¬ 
lings  of  iron  contain’d  in  it ;  which  is  no  more  than  we 
fee  all  non-eleCtric  bodies  will  receive ;  yet  the  glafs  of  the 
phial  retains  its  power  of  giving  a  fhock,  as  any  one  will 

find 
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find  that  pleafes  to  try.  This  experiment  fully  evidences, 
that  the  water  in  the  phial  contains  no  more  eledric  mat¬ 
ter  than  it  would  do  in  an  open  bafon,  and  has  not  any 
of  that  great  quantity  which  produces  the  fhock,  and  is 
only  retain’d  by  the  glafs.  If  after  the  fpark  is  drawn 
from  the  conductor,  you  touch  the  coating  of  the  phial 
(which  all  this  while  is  luppofed  to  hang  in  the  air,  free 
from  any  non-eledric  body)  the  threads  on  the  conductor 
will  inftantly  ftart  up,  and  fhew  that  the  conductor  is  elec- 
trifed.  It  receives  this  eledrilation  from  the  inner  furface  of 
the  phial,  which,  when  the  outer  furface  can  receive  what  it 
wants  from  the  hand  applied  to  it,  will  give  as  much  as 
the  bodies  in  contad  with  it  can  receive,  or,  if  they  be  large 
enough,  all  that  it  has  of  excefs.  It  is  diverting  to  fee  how 
the  threads  will  rife  and  fall  by  touching  the  coating  and 
conductor  of  the  phial  alternately.  May  it  not  be  that  the 
difference  between  the  charged  fide  of  the  glafs,  and  the 
outer  or  emptied  fide,  being  leflen’d  by  touching  the  hook 
or  the  conductor ;  the  outer  fide  can  receive  from  the  hand 
which  touched  it,  and  by  its  receiving  the  inner  fide  can¬ 
not  retain  fo  much;  and  for  that  reafon  fo  much  as  it  can¬ 
not  retain  eledrifes  the  water,  or  filings  and  condudor  : 
For  it  feems  to  be  a  rule,  that  the  one  fide  muff  be  emptied 
in  the  fame  proportion  that  the  other  is  fill’d :  Tho’  this 
from  experiment  appears  evident,  yet  it  is  ftill  a  myftery 
not  to  be  accounted  for. 


I  am 
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I  am,  in  many  places  of  the  Abbe’s  book,  furprifed  to 
find  that  experiments  have  fucceeded  fo  differently  at  Pa¬ 
ris  from  what  they  did  with  Mr  Franklin ,  and  as  I  have 
always  obferv’d  them  to  do.  The  Abbe,  in  making  expe¬ 
riments  to  find  the  difference  between  the  two  furfaces  of 
a  charged  glafs,  will  not  have  the  phial  placed  on  wax : 
For,  fays  he,  don’t  you  know  that  being  placed  on  a  body 
originally  ele&ric,  it  quickly  lofes  its  virtue  ?  I  cannot  i- 
magine  what  fhould  have  made  the  Abbe  think  fo;  it 
certainly  is  contradictory  to  the  notions  commonly  received 
of  eleCtrics  per  fe ;  and  by  experiment  I  find  it  entirely 
otherwife :  For  having  feveral  times  left  a  charged  phial, 
for  that  purpofe,  ftanding  on  wax  for  hours,  I  found  it  to 
retain  as  much  of  its  charge  as  another  that  flood  at  the 
fame  time  on  a  table.  I  left  one  ftanding  on  wax  from  10 
o’clock  at  night  till  8  next  morning,  when  I  found  it  to 
retain  a  fufficient  quantity  of  its  charge,  to  give  me  a  fen- 
iible  commotion  in  my  arms,  though  the  room  in  which 
the  phial  flood  had  been  fwept  in  that  time,  which  muft 
have  rais’d  much  dufl  to  facilitate  the  difcharge  of  the 
phial. 

I  find  that  a  cork  ball  fufpended  between  two  bottles, 
the  one  fully  and  the  other  but  little  charged,  will  not 
play  between  them,  but  is  driven  into  a  fituation  that 
makes  a  triangle  with  the  hooks  of  the  phials  $  though 
the  Abbe  has  afierted  the  contrary  of  this,  p .  1 01,'  in  or¬ 
der  to  account  for  the  playing  of  a  cork  ball  between  the 
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wire  thruft  into  the  phial,  and  one  that  rifes  up  from  its 
coating.  The  phial  which  is  leaft  charged  muft  have 
more  eledtric  matter  given  to  it,  in  proportion  to  its  bulk, 
than  the  cork  ball  receives  from  the  hook  of  the  full 
phial. 

The  Abbe  fays,  p .  103,  “  that  a  piece  of  metal  leaf 
<c  hung  to  a  filk  thread  and  eledtrifed,  will  be  repell’d  by 
“  the  bottom  of  a  charged  phial  held  by  its  hook  in  the 
“  air  •”  This  I  find  conftantly  otherwife,  it  is  with  me  al¬ 
ways  firft  attracted  and  then  repelled  :  It  is  neceflary  in 
charging  the  leaf  to  be  careful  that  it  does  not  fly  off  to 
fome  non-ele&ric  body,  and  fo  difcharge  itfelf  when  you 
think  it  is  charged  5  it  is  difficult  to  keep  it  from  flying 
to  your  own  wrift,  or  to  fome  part  of  your  body. 

The  Abbe,  p.  108,  fays,  “that  it  is  not  impoflible,  as 
<c  Mr  Franklin  fays  it  is,  to  charge  a  phial  while  there  is  a 
“  communication  form’d  between  its  coating  anditshook”.  I 
have  always  found  it  impoflible  to  charge  fuch  a  phial  fo 
as  to  give  a  fhock  :  Indeed  if  it  hang  on  the  condu&or 
without  a  communication  from  it,  you  may  draw  a  fpark 
from  it  as  you  may  from  any  body  that  hangs  there,  but 
this  is  very  different  from  being  charged  in  fuch  a  manner 
as  to  give  a  fhock.  The  Abbe,  in  order  to  account  for 
the  little  quantity  of  eledlric  matter  that  is  to  be  found  in 
the  phial,  fays,  “that  it  rather  follows  the  metal  than  the 
“  glafs,  and  that  it  is  fpewed  out  into  the  air  from  the  coating 
“  of  the  phial”.  I  wonder  how  it  comes  not  to  do  fo  too, 

when 
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when  it  lifts  through  the  glafs  and  charges  the  exterior 
furface,  according  to  the  Abba’s  fyftem ! 

The  Abbe’s  objections  againft  Mr  Franklin's  two  lalt 
experiments,  I  think,  have  little  weight  in  them  :  He  feems, 
indeed,  much  at  a  lofs  what  to  fay,  wherefore  he  taxes 
Mr  Franklin  with  having  conceal’d  a  material  part  of  the 
experiment  $  a  thing  too  mean  for  any  gentleman  to  be 
charged  with,  who  has  not  fhewn  as  great  a  partiality  in 
relating  experiments,  as  the  Abbe  has  done. 


ELEC- 


ELECTRICAL  EXPERIMENTS, 

With  an  Attempt  to  account  for  their 
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Some  Obfervations  on  Thunder-Clouds y 


In  further  Confirmation  of  Mr  Franklin’s  Ob¬ 
fervations  on  the  pofitive  and  negative  ele&rical 
State  of  the  Clouds,  by  John  Canton,  M.  A. 
and  F.  R.  S. 

t 

Dec.  6,  1753. 


EXPERIMENT  I. 


/  « 

FROM  the  deling,  or  any  convenient  part  of  a 
room,  let  two  cork-balls,  each  about  the  bignefs 
of  a  fmall  pea,  be  fufpended  by  linen  threads  of 
eight  or  nine  inches  in  length,  fo  as  to  be  in  contaft  with 
each  other.  Bring  the  excited  glafs  tube  under  the  balls, 
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and  they  will  be  feparated  by  it,  when  held  at  the  diftance 
of  three  or  four  feet ;  let  it  be  brought  nearer,  and  they 
will  Hand  farther  apart ;  intirely  withdraw  it,  and  they 
will  immediately  come  together.  This  experiment  may 
be  made  with  very  fmall  brafs  balls  hung  by  filver  wire ; 
and  will  fucceed  as  well  with  fealing-wax  made  electrical, 
as  with  glafs. 

EXPERIMENT  H. 

If  two  cork -balls  be  fufpended  by  dry  filk  threads,  the 
excited  tube  mult  be  brought  within  eighteen  inches  be¬ 
fore  they  will  repel  each  other  ;  which  they  will  continue  to 
do,  for  feme  time,  after  the  tube  is  taken  away. 

As  the  balls  in  the  firlt  experiment  are  not  infulated, 
they  cannot  properly  be  faid  to  be  electrified  :  but  when 
they  hang  within  the  atmofphere  of  the  excited  tube,  they 
may  attract  and  condenfe  the  eleCtrical  fluid  round  about 
them,  and  be  feparated  by  the  repulfion  of  its  particles. 
It  is  conjectur’d  alfo,  that  the  balls  at  this  time  contain 
lefs  than  their  common  lhare  of  the  eleCtrical  fluid,  on 
account  of  the  repelling  power  of  that  which  furrounds 
them  >  tho’  feme,  perhaps,  is  continually  entering  and  paf- 
fing  thro’  the  threads.  And  if  that  be  the  cafe,  the  rea- 
fon  is  plain,  why  the  balls  hung  by  filk,  in  the  fecond  ex¬ 
periment,  mult  be  in  a  much  more  denfe  part  of  the  at¬ 
mofphere  of  the  tube,  before  they  will  repel  each  other. 
At  the  approach  of  an  excited  flick  of  wax  to  the  balls, 

ia  the  firfl  experiment,  the  eleCtrical  fire  is  fuppofed  to 

come 


by  John  Canton,  M:  A.  and  F.  R.  S.  145 

come  through  the  threads  into  the  balls,  and  be  condenfed 
there,  in  its  paflage  towards  the  wax :  for,  according  to 
Mr  Franklin,  excited  glafs  emits  the  eledlrical  fluid,  but 
excited  wax  receives  it. 

EXPERIMENT  III. 

Let  a  tin  tube,  of  four  or  five  feet  in  length,  and  about 
two  inches  inches  in  diameter,  be  infulated  by  filk  ;  and 
from  one  end  of  it  let  the  cork-balls  be  fufpended  by  linen 
threads.  Eledrify  it,  by  bringing  the  excited  glafs  tube 
near  the  other  end,  fo  as  that  the  balls  may  ftand  an  inch 
and  an  half,  or  two  inches  apart :  then,  at  the  approach 
of  the  excited  tube,  they  will  by  degrees  lofe  their  repelling 
power,  and  come  into  contad ;  and  as  the  tube  is  brought 
flill  nearer,  they  will  feparate  again  to  as  great  a  diftance 
as  before :  in  the  return  of  the  tube  they  will  approach 
each  other  till  they  touch,  and  then  repel  as  at  firft.  If 
the  tin-tube  be  eledrified  by  wax,  or  the  wire  of  a  charg'd 
phial,  the  balls  will  beaffeded  in  the  fame  manner  at  the 
approach  of  excited  wax^  or  the  wire  of  the  phial. 

EXPERIMENT  IV. 

Eledrify  the  cork-balls  as  in  the  laft  experiment  by  glafs ; 
and  at  the  approach  of  an  excited  flick  of  wax  their  re- 
pulfion  will  be  increafed.  The  effed  will  be  the  fame,  if 
the  excited  glafs  be  brought  towards  them,  when  they  have 

been  eledrified  bv  wax. 

% 

The  bringing  the  excited  glafs  to  the  end,  or  edge  of 
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the  tin-tube,  in  the  third  experiment,  is  fuppos’d  to  elec¬ 
trify  it  pofitively,  or  to  add  to  the  ele&rical  fire  it  before 
contained  ;  and  therefore  fome  will  be  running  off  through 
the  balls,  and  they  will  repel  each  other.  But  at  the  ap¬ 
proach  of  excited  glafs,  which  like  wife  emits  the  electrical 
iluid,  the  difcharge  of  it  from  the  balls  will  be  diminifh’d  ; 
or  part  will  be  driven  back,  by  a  force  acting  in  a  contrary 
direction  5  and  they  will  come  nearer  together.  If  the 
tube  be  held  at  fuch  a  diftance  from  the  balls,  that  the 
excefs  of  the  denfity  of  the  fluid  round  about  them,  above 
the  common  quantity  in  air,  be  equal  to  the  excefs  of  the 
denfity  of  that  within  them,  above  the  common  quantity 
contain’d  in  cork  ;  their  repulfion  will  be  quite  deftroy’d. 
But  if  the  tube  be  brought  nearer  \  the  fluid  without,  be¬ 
ing  more  denfe  than  that  within  the  balls,  it  will  be  at¬ 
tracted  by  them,  and  they  will  recede  from  each  other 
again. 

When  the  apparatus  has  loft  part  of  its  natural  fhare 
of  this  fluid,  by  the  approach  of  excited  wax  to  one  end 
of  it,  or  is  electrified  negatively  the  eleCtrical  fire  is  at¬ 
tracted  and  imbib’d  by  the  balls  to  fupply  the  deficiency ; 
and  that  more  plentifully  at  the  approach  of  excited  glafs, 
or  a  body  pofitively  electrified,  than  before ;  whence  the 
diftance  between  the  balls  will  be  increafed,  as  the  fluid 
furrounding  them  is  augmented.  And  in  general,  whe¬ 
ther  by  the  approach  or  recefs  of  any  body  ;  if  the  diffe¬ 
rence  between  the  denfity  of  the  internal  and  external  fluid 

'  •  •  -be 
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be  increafed,  or  diminifhed  j  die  repulfion  of  the  balls  will 
be  increafed,  or  diminifhed,  accordingly. 

EXPERIMENT  V. 

When  the  infulated  tin  tube  is  not  eledlrified,  bring  the 
excited  glafs  tube  towards  the  middle  of  it,  fo  as  to  be  near¬ 
ly  at  right  angles  with  it,  and  the  balls  at  the  end  will  re¬ 
pel  each  other ;  and  the  more  fo,  as  the  excited  tube  is 
brought  nearer.  When  it  has  been  held  a  few  feconds, 
at  the  diftance  of  about  lix  inches,  withdraw  it,  and  the 
balls  will  approach  each  other  till  they  touch  ;  and  then 
feparating  again,  as  the  tube  is  moved  farther  oh,  will  con¬ 
tinue  to  repel  when  it  is  taken  quite  away.  And  this  re- 
pullion  between  the  balls  will  be  increafed  by  the  approach 
of  excited  glafs,  but  diminiihed  by  excited  wax ;  juft  as 
if  the  apparatus  had  been  electrified  by  wax,  after  the 
manner  defcribed  in  the  third  experiment. 

EXPERIMENT  VI. 

Infulate  two  tin  tubes,  diftinguifhed  by  A  and  5,  fo  as 
to  be  in  a  line  with  each  other,  and  about  half  an  inch 
apart ;  and  at  the  remote  end  of  each,  let  a  pair  of  cork 
balls  be  fufpended.  Towards  the  middle  of  bring  the 
excited  glafs  tube  ;  and  holding  it  a  Ihort  time,  at  the  ai- 
ftance  of  a  few  inches,  each  pair  of  bails  will  be  ooferved 
to  feparate  :  withdraw  the  tube,  and  the  balls  of  A  will 
come  together,  and  then  repel  each  other  again  ;  but  thole 

of  B  will  hardly  be  affe&ed.  By  the  approach  of  the  ex¬ 
cited 
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cited  glafs  tube,  held  under  the  balls  of^,  their  repulfion 
will  be  increafed :  but  if  the  tube  be  brought,  in  the  fame 
manner,  towards  the  balls  ofjB,  their  repulfion  will  be 
dim  ini  died. 

In  the  fifth  experiment,  the  common  flock  of  eleClrical 
matter  in  the  tin  tube,  is  fuppofed  to  be  attenuated  about 
the  middle,  and  to  be  condenfed  at  the  ends,  by  the  re¬ 
pelling  power  of  the  atmofphere  of  the,  excited  glafs  tube, 
when  held  near  it  And  perhaps  the  tin  tube  may  lofe 
fome  of  its  natural  quantity  of  the  electrical  fluid,  before 
it  receives  any  from  the  glafs ;  as  that  fluid  will  more 
readily  run  off  from  the  ends  or  edges  of  it,  than  enter  at 
the  middle  :  and  accordingly,  when  the  glafs  tube  is  with¬ 
drawn,  and  the  fluid  is  again  equally  diffufed  through  the 
apparatus,  it  is  found  to  be  electrified  negatively :  For  ex¬ 
cited  glafs  brought  under  the  balls  will  increafe  their  re¬ 
in  the  fixth  experiment,  part  of  the  fluid  driven  out 
of  one  tin  tube  enters  the  other ;  which  is  found  to  be 
eledlrified  pofitively,  by  the  decreafing  of  the  repulfion  of 
its  balls,  at  the  approach  of  excited  glafs. 

EXPERIMENT  VII. 

Let  the  tin  tube,  with  a  pair  of  balls  at  one  end,  be 
placed  three  feet  at  leafi:  from  any  part  of  the  room,  and 
the  air  render’d  very  dry  by  means  of  a  fire :  eleCtrify  the 
apparatus  to  a  confiderable  degree  ;  then  touch  the  tin 
tube  with  a  finger,  or  any  other  condu&or,  and  the  balls 

will. 
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will,  notwithftanding,  continue  to  repel  each  other ;  the’ 
not  at  fo  great  a  diftance  as  before. 

The  air  furrounding  the  apparatus  to  the  diftance  of  two 
or  three  feet,  is  fuppofed  to  contain  more  or  lefs  of  the 
electrical  fire,  than  its  common  fhare,  as  the  tin  tube  is 
electrified  pofitively,  or  negatively ;  and  when  very  dry, 
may  not  part  with  its  overplus,  or  have  its  deficiency  fup- 
plied  fo  fuddenly,  as  the  tin ;  but  may  continue  to  be  e- 
leCtrified,  after  that  has  been  touch’d  for  a  confiderable 
time. 

EXPERIMENT  VIII. 

Having  made  the  Torricellian  vacuum  about  five  feet 
long,  after  the  manner  deferibed  in  the  PhiloJophicalTranj- 
adhons,  Vol.  xlvii.  p.  370.  if  the  excited  tube  be  brought 
within  a  fmall  diftance  of  it,  a  light  will  be  feen  through 
more  than  half  its  length  :  which  foon  vanifhes,  if  the 
tube  be  not  brought  nearer  ;  but  will  appear  again,  as  that  is 
moved  farther  off*.  This  may  be  repeated  feveral  times, 
without  exciting  the  tube  afrefti. 

This  experiment  may  be  confider’d  as  a  kind  of  ocular 
demonftration  of  the  truth  of  Mr  Franklin' s  hypothefis ; 
that  when  the  eleCtrical  fluid  is  condenfed  on  one  fide  of 
thin  glafs,  it  will  be  repelled  from  the  other,  if  it  meets 
with  no  refiftance.  According  to  which,  at  the  approach 
of  the  excited  tube,  the  fire  is  fuppofed  to  be  repelled  from 
the  infide  of  the  glafs  furrounding  the  vacuum,  and  to  be 

carried 
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carried  off  through  the  columns  of  mercury ;  but,  as  the 
tube  is  withdrawn,  the  fire  is  fuppofed  to  return. 

EXPERIMENT  IX. 

Let  an  excited  flick  of  wax,  of  two  feet  and  an  half 

* 

in  length,  and  about  an  inch  in  diameter,  be  held  near 
its  middle.  Excite  the  glafs  tube,  and  draw  it  over  one 
half  of  it ;  then,  turning  it  a  little  about  its  axis,  let  the 
tube  be  excited  again,  and  drawn  over  the  fame  half ;  and 
let  this  operation  be  repeated  feveral  times :  then  will  that 
half  deftroy  the  repelling  power  of  balls  electrified  by  glafs, 
and  the  other  half  will  increafe  it. 

By  this  experiment  it  appears,  that  wax  alfo  maybe  e- 
leftrified  pofitively  and  negatively.  And  it  is  probable, 
that  all  bodies  whatfoever  may  have  the  quantity  they 
contain  of  the  electrical  fluid,  increafed,  or  diminifhed. 
The  clouds,  I  have  obferved,  by  a  great  number  of  expe¬ 
riments,  to  be  fome  in  a  pofitive,  and  others  in  a  negative 
ftate  of  electricity.  For  the  cork  bails,  electrified  by  them, 
will  fometimes  clofe  at  the  approach  of  excited  glafs ;  and 
at  other  times  be  feparated  to  a  greater  diftance.  And  this 
change  I  have  known  to  happen  five  or  fix  times  in  lefs 
than  half  an  hour;  the  balls  coming  together  each  time, 
and  remaining  in  contaCt  a  few  feconds,  before  they  repel 
each  other  again.  It  may  likewife  eafiiy  be  difeover’d,  by 
a  charged  phial,  whether  the  eleCtrical  fire  be  drawn  out 
of  the  apparatus  by  a  negative  cloud,  or  forced  into  it  by 

a  pofi- 
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a  pofitive  one  :  and  by  whichfoever  it  be  electrified,  fhould 
that  cloud  either  part  with  its  overplus,  or  have  its  defi¬ 
ciency  fupplied  fuddenly,  the  apparatus  will  lofe  its  eledtri- 
city  :  which  is  frequently  obferved  to  be  the  cafe,  imme¬ 
diately  after  a  flafh  of  lightning.  Yet  when  the  air  is  very 
dry,  the  apparatus  will  continue  to  be  electrifed  for  ten 
minutes,  or  a  quarter  of  an  hour,  after  the  clouds  have 
pafied  the  zenith ;  and  fometimes  till  they  appear  more 
than  half-way  towards  the  horizon.  Rain,  efpecially  when 
the  drops  are  large,  generally  brings  down  the  electrical 
fire  :  and  hail,  in  fummer,  I  believe  never  fails.  When 
the  apparatus  was  laft  electrified,  it  was  by  the  fall  of  thaw¬ 
ing  fnow  y  which  happened  fo  lately,  as  on  the  1 2th  of 
November  $  that  being  the  twenty-fixth  day,  and  fixty-firfi: 
time,  it  has  been  electrified,  fince  it  was  firfi:  fet  up  ;  which 
was  about  the  middle  of  May.  And  as  Fahrenheit's  ther¬ 
mometer  was  but  feven  degrees  above  freezing,  it  is  fup- 
pofed  the  winter  will  not  intirely  put  a  flop  to  obfervations 

of  this  fort.  At  London ,  no  more  than  two  thunder- 
ftorms  have  happened  during  the  whole  fummer :  and  the 
apparatus  was  fometimes  fo  ftrongly  electrified  in  one  of 
them,  that  the  bells*  which  have  been  frequently  rung  by 
the  clouds,  fo  loud  as  to  be  heard  in  every  room  of  the 
houfe  (the  doors  being  open),  were  filenced  by  the  almoft 
conftant  ftream  of  denfe  electrical  fire,  between  each  bell 
and  the  brals  ball,  which  would  not  fuffer  it  to  ftrike. 

I  fhall  conclude  this  paper,  already  too  long,  with  the 
following  queries  : 


X 


i.  May 


,  I 

152  Experiments  in  Electricity,  1 

1.  May  not  air,  fuddenly  rarefied,  give  electrical  fire  to,  • 
and  air  fuddenly  condenfed,  receive  electrical  fire  from, 
clouds  and  vapours  palling  through  it  ? 

2.  Is  not  the  aurora  borealis,  the  flalhing  of  electrical 
fire  from  pofitive,  towards  negative  clouds  at  a  great 
diftance,  through  the  upper  part  of  the  atmofphere,  where 
the  refinance  is  lealt  ? 
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AS  Mr  Franklin,  in  a  former  letter  to  Mr  Collin - 
fon,  mentioned  his  intending  to  try  the  power 
of  a  very  ftrong  eledtrical  (hock  upon  a  turkey, 
that  gentleman  accordingly  has  been  fo  very  obliging  as  to 
fend  an  account  of  it,  which  is  to  the  following  purpofe. 

He  made  firft  feveral  experiments  on  fowls,  and  found, 
that  two  large  thin  glafs  jars  gilt,  holding  each  about  fix 
gallons,  and  fuch  as  I  mentioned  I  had  employed  in  tho 
laft  paper  I  laid  before  you  on  this  fubjedt,  were  fufficient, 
when  fully  charged,  to  kill  common  hens  outright ;  but 
the  turkeys,  though  thrown  into  violent  convulfions,  and 
then,  lying  as  dead  for  fome  minutes,  would  recover  in 
lefs  than  a  quarter  of  an  hour.  However,  having  added 
three  other  fuch  to  the  former  two,  though  not  fully 
charged,  he  killed  a  turkey  of  about  ten  pounds  weight, 
and  believes  that  they  would  have  killed  a  much  larger. 
He  conceited,  as  himfelf  fays,  that  the  birds  kill’d  in  this 
manner  eat  uncommonly  tender. 

In  making  thefe  experiments,  he  found,  that  a  man 
could,  without  great  detriment,  bear  a  much  greater  fhock 
than  he  imagined  :  for  he  inadvertently  received  the  ftroke 
of  two  of  thefe  jars  through  his  arms  and  body,  when 
they  were  very  near  fully  charged.  It  feemed  to  him  an 

univerfal  blow  throughout  the  body  from  head  to  foot, 

and 
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and  was  followed  by  a  violent  quick  trembling  in  the  trunk, 
which  went  off  gradually  in  a  few  feconds.  It  was  fome 
minutes  before  he  could  recoiled:  his  thoughts,  fo  as  to 
know  what  was  the  matter  j  for  he  did  not  fee  the  flafh, 
tho’  his  eye  was  on  the  fpot  of  the  prime  conductor,  from 

V. 

whence  it  ftruck  the  back  of  his  hand  j  nor  did  he  hear 

*  a  ' 

the  crack,  though  the  by-ftanders  laid  it  was  a  loud  one  * 
nor  did  he  particularly  feel  the  ftroke  on  his  hand,  tho* 
he  afterwards  found  it  had  raifed  a  fweiling  there,  of  the 
bignefs  of  half  a  fwan-fhot,  or  piftol-bullet.  His  arms 
and  the  back  of  his  neck  felt  fomewhat  numbed  the  re¬ 
mainder  of  the  evening,  and  his  bread:  was  lore  for  a  week 
after,  as  if  it  had  been  bruifed.  From  this  experiment 
may  be  feen  the  danger,  even  under  the  greateft  caution,  to 
the  operator,  when  making  thefe  experiments  with  large 
jars ;  for  it  is  not  to  be  doubted,  but  feveral  of  thefe  fully 
charged  would  as  certainly,  by  increafing  them,  in  propor¬ 
tion  to  the  lize,  kill  a  man,  as  they  before  did  a  turkey. 

N.  B.  The  original  of  this  letter,  which  was  read  at  the 
Royal  Society,  has  been  miflaid. 


♦  FINIS . 
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